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Chapter I

INTRODUCTION

Overview

The systems that are used by the Air Force are expensive,

highly complex pieces of equipment that are continually being

replaced with new systems in order to keep pace with both the

changing enemy threat and the evolving state of American technology.

These systems arc procured through the weapon system acquisition

process. This process Is a sequence of specified activities that

exteid from t1.j system conceptua' phase through the full scale
production aud d.eplc.yment of the weapon system (51iii).

To ensure the initial opcrat'.onal capability of these

newly acquired systems, support material, in the form of spare and

replacement parts must be avail2able immediately upoa system

lctivaLion and through the initial phases of operawion. These

initial support requirementý, are provided by the initial provision-

ing process (5:iii).

The initial spares support list (ISSL) is a part of the

initial provisioning process. Its purpose is to provide the

initial range and depth of items required to support weapon

system activ-tions. The items that are includ.4 on the ISSL are



determined at a provisioning conference by the technical equip-

ment specialist, the system manager, the item manager, and

representatives from the using command (6,8,11,13s12-30). The

ISSL establishes a special inventory level at the base that is re-

ceiving the new system. Special levels

. when used wisely . . . are valuable tools in
effectively supporting operational activities ; when the
intent of special levels policy/procedures is abused, the
overall ability of logistics managers to provide effective
support is degraded E161li-7?.

Histirically, the inventory levels established by the

ISSL have been either too large or too small. In 1971 the ISSL

stock levels were relatively large and the base level units complain-

ed that too much stock sat at base level without being used (7:1,8).

A General Accounting Office study showed that in 1971 the Air Force

spent several million dollars on spare/replacement parts which were

never used (21i1). The next year, 1972, Headquarters Air Force

Logistics Command (AFLC) implemented Department of Defense

Directives that significantly reduced the ISSL stock levels. After

the implementation of the new directives, the base level units

complained that not enough stock was being provided by the ISSL to

support weapon system activations (?1,8).

The problem of Inaccurate ISSL quantities still exists. As

recently as March 1979, the overall Air Force parts use rate for

ISSL items was 17% and, in particular, the parts use rate from I&SL

2



stocks for the F-15 through March 1979 was 10% (2). On the other

hand, AFLC con-tinually receives requests to increase ISSL authori-

zations for other items (6). These facts indicate that there axe

still a significant number of cases in which the incorrect items

in the incorrect quantities are being placed on the ISSL.

Because of this problem, AFLC requested that a study be

initiated to develop a model of the ISSL development process (911).

Two factors prompted this request3 first, the procurement of too

many or too few items during the provisioning process and, second,

the apparent lack of understanding of the ISSL development process

on the part of the Air Force logisticians who operate the Air Force

supply system (2,6,8,11). Thus, the objective of this research

effort was to develop a dynamic model of the ISSL development

process. Specifically, a system dynamics approach was employed to

develop a model of the system. This method was chosen because it

provides a systematic approach to model construction through its

treatment of ". . the central framework underlying . activity

D ;viJ. " It provides a logical cause and effect means of analyzing

the underlying management decisions that make up the ISSL development

process.

While this research effort was directed towards the ISSL

development process in general it specifically addressed Air Force

managed economic order quantity (EOQ) items. In addition) the reader

3
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2~i must keep in mind that the initial spares support list (ISSL)

becomes a follow-on spares support list (FOSSL) ". . . once the

weapon/end article has transitioned from the "initial" to "foll.ow-

on" support. . . [15:12-333." The transition from ISSL to FOSSL

is determined by ". . . the system manager (SM)/end article item

manager (IM) ISSL/FOSSL monitor. . . [15:12-33]." Thus, this

study applies not only to the ISSL, but to the FOSSL as well.

Backpround

Through the weapon system acquisition process, the

Department of Defense procures the weapon systems required to counter

the threat posed by the forces of a potential enemy. The acquisi-

tion process is a sequence of specified activities designed to

achieve program objectives. It extends from the system coaceptual

phase through the full scale production and deployment of the

weapon system (51i11). To ensure the initial operational capability

of the newly acquired weapon system, support materials in the form

of spare and replacement parts must be available on or before the

system activation date. These initial support material require-

ments are satisfied through the provisioning process (51iii).

During the initial provisioning process, dec.tsions are

made which can affect the future capability of DOD agencies to

support their operational weapon systens. In addition, the initial

provisioning decisions cause the expenditure of millions of dollars

:•!
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for spare and :,eplacement parts (21 :1). These provisioning

decisions must be made in light of the initial provisioning

objective of -'ssuring

. . . the timely availability of minimum initial stocks
*i of support items at using organizations and at maintenance

and supply activities to sustain the programmed operation
of eiA items until normal replenishment can be effected,
and to provide irhis support .t the least investment cost

The principle objective of initial provisioning, of which

the ISSL is a part, is to assure the timely availability of initial

stocks, at a minimum required level, at the using organization and

maintenance activities to maintain the programmed operations of

a weapon system until normal supply channels can be established.

Moreover, this system support must be provided at the least possible

cost (6,8,14:2-3).

The initial provisioning process is employed to procure

needed support items that are not currently in the DO-. Inventory.

These support items have been developed specifically for the weapon

system and in mano Instances the support items themselves are made

up of several ieparate subunits which must also be supported

6- (13,1-i). The number and type of spare and support items required

to initially support a weapoa system are predicated upon the

* system's anticipated geographic deployment, mission profile, and

the maintenance concept to be employed (13,1-8).

•'• ,, .. •:• ' .-
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Two important factors used in determining the appropriate

maintenance concept for a given spare or support item are the

reliability and maintainability of the item. For the new items

coming into the inventory the reliability and maintainability

data are based on engineering estimates until actual failure rate

data can be obtained from the operational use of the item (6,8,11,

1.5:12-3).

During the initial provisioning conference the reliability

and maintainability data are considered along with any actual

failure rate data in developing the ISSL. The ISSL is thus composed

of those items that have been determined by the item manager/system

manager,and representatives from the using command to be essential

to weapon system operation for an initial period of time, and as

such the ISSL is the central element of the initial provisioning

process (15:12-5). Despite the coordinated efforts of the item

manager, system manager, and the using command there have been

numerous occasions where too few or too many items were included

as part of the ISSL (2,6,8,11).

The procurement of too many or too few items can have a

detrimental effect on the operational capability of the weapon

system the ISSL is designed to support. The procurement of too

few items results in an increase in the Not Mission Capable -

Supply (NMCS) rate due to a lack of spare/replacement parts.

i~iiii i6
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Conversely, the procurement of too many items results in the

unnecessary expenditure of funds when the monies could have been

better spent elsewhere (2,6,8,i1). Because of these problems,

AFLC requested that this research project be accomplished. The

study used the system dynamics approach to analyze the ISSL

development process.

Justification

"Aircraft, missiles, engines, equipment, and other end

articles coming into the inventory, . . . must be supported as

soon as the end article(s). is received by the location/base from

which it will operate [15:12-33." These items constitute tLe end

* items procured by the DOD through its acquisition process. Ar

integral part of the acquisition process is the initial provision-

ing process whereby spare and replacement parts axe procured to

support the end item until normal supply channels can be established

• (15,i.2-29).

t The provisioning process is a series of criTically timed

actions designed to ensure that the new end items will have

adequate support. The process extends "... over a wide range

of functions, including design, maintenance planning, supply, re-

quirements determination, item inventory control, procurement,

cataloging, and contract administration [ZOrcl 1-2]." This

initial provisioning process ends with "... the delivery of a



minimum range and quantity of support items. . . for support during

an initial period of service [20:Encl i-2]." These activities

of initial provisioning bring the process into line with the stated

DOD objective of providing the right part in the right place at the

right time and in the right quantities. The DOD stated objectives

of initial provisioning must be carried out under the concept of

minimum supply response (18:2). The Air Force logistician is

charged with the responsibility of achieving ". * maximum initial

support within available resources. . . under a concept that re-

quires minimum supply response time [19:2]."

Minimum supply response is achieved through the attainment

of a balance between .. pipeline inventory and costs related

"to holding inventory [19:2]." The implementation of this concept

of minimum supply response is predicated upon the inventory policies

providing for a coordinated approach to the elements of

i . program development; the depth of stocks provided
in theoinitial requirements computation; the range of items
selected for initial stockage; and the requi'.e ents computa-
tion policy, . .[19,2].

Therefore, the minimum supply response concept can be likened to

the initial provisioning process in that both have the objoctive

of ensuring that the base has ". . . available a given range and

depth of stock to ensure acceptable support from the first day the

end aiticle(s) is assigned 15t12-3]." The range and depth of items

to be provided are . . . agreed to during the provisioaing process

8



[15"t2-31 " The concept of acceptable support is geared towards

providing an adequate range and depth of spare and replacement

parts to meet the programmed operations of the end item at the

base level.

There are three important questions which must be -answered

during the provisioning process to determine the range and depth

of itemns to be provided as part of the initial provisioning or

ISSL package. These questions ares (1) how critical is the

item considered for inclusion on the ISSL to weapon system

operation; (2) what wi2l the demand rate be for the item; and,

(3) how much money is available for the purchase of these spare/

replacement items (1:i)? The answers to these questions are

difficult to ascertain particularly when an ISSL pertains to a

new weapon system and the component reliability data are based

on engineering estimates rather than actual operating performance (6).

However, through application of the system dynamics rppro&ch and

the resultant information-feedback model, potential decisions

regarding levels of spare/replacement pa-ts can be analyzed to

ascertain the level of system support that will be provided by

that level of support. By testing the different stock levels the

Air Force logistician will be in. a better position to meet the

initial provisioning objective by providing to base level units

an adequate and accurate IW-L.

-- _---•_
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During the initial provisioning process an inventory

management specialist assigned to Headquarters, Air Force Logistics

Command (AFLC) uses the engineering reliability data in conjunction

with " .... base order and ship time, base repair cycle and initial

operating level. . . C[9:1," to determine the quantities required

for each item chosen to become part of the ISSL (9:1-2). The

mathematical models used by the inventory management specialist

were developed by the Department of Defense and are contained in

DOD Instruction (DODI) 4140.42. DODI 4140.42 gives the control of

the variables used in the model to the headquarters level activity

responsible for the logistical support of the weapon system (1903).

The Directorate of Materiel Requirements (LOR) in Air Force

Ligistics Command Headquarters is responsible for the calculations

affecting the depth of items to be provided as part of the ISSL.

When calculating the number of a given item to stock as

part of the ISSL, the specialist assigned to AFLC/LOR must work

within the parameters established by the engineering specialist.

While working within these parameters the LOR specialist must assime

that the data supplied by the equipment speciallst is accuratel thus

making the initial requirements computations accurate. However,

according to an inventory manage.m4nt specialist assigned to AIC/LOR,

the quantities of items carried on the ISSL are not always accurate

as evidenced by the numerous requests for changes to the ISSL stock-

age level which uar being receired by AFLC/WR (2,6,8,931,11).

10
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Two examples of problems associated with an inaccurate

quantity on a ISEL were given by a supply system analyst assigned

to the Directorate of Logistics (AFLC/LOL). First of all he had

a personal experience with an over stockage due to an inaccurate

"ISSL supporting an F-4E fighter squadron in Germany in 1972 (2).

The squadron was being supported by an "SSL which contained

items valued at over $400,000. During the two year time span of

the ISSL, only 14 per cent of the items were used. The result was

that approximately $314,000 was invested in inventory that was not

used. Some of this excess inventory was returned tc the supply

system with the remainder being disposed of as salvage material (2).

The second example concerned a problem that he was cuxrently

tryWig to solve. This second eyample also concerned an F-4E fighter

squadron, but in this instance the fighters were assigned to the

Alaskan Air Command. The problem revolved around the fIghter

squadron experiencing a 60 per cent Not Mission Capable-Supply

(NMOcS) xute Wcause the ISSL did not specify an adequate range and

depth of spare/replacement paxts (2).

The fLi•t xample serves to point out that when the

enginieerirng estimates on the reliability of components are used,

Vie ISSL quantities can be h1gh when predicting the depth of

aspre/roplacement .arts needed to suprort a weapon system du-irg

its iatial period of sarviae (2,6,8,11). The second example points



out that as a system progressts through time, a.d t: .SSL is

adjusted for the "no demand generate;. items, the range and depth

of items specified for system support may be low. The low system

support results because the "no demand generated" items are deleted

from all future ISSLs so that new system/equipment activations will

not have the items included when in fact the items may be needed;

-thus degrading the logistical support intended for the system.

Logistical support was further degraded when the different type

of operating environment for the F-4E was not taken into considera-

tion when the required suup[. : items were specified for the Alaskan

Air Command (2).

In the rece t past, the ISSL estimates were predominantly

high, which caused th• expenditure of several million dollars for

the p-rocurement of spare/replacement parts which were not used (21li).

The high expenditure of funds caused the House Appropriations

Committee to direct the General Accounting Office (GAO) to conduct

an investigation into the initial provisioning practices of the

Air Force (21ti). A 1971 GAO report stated

The Air Force spends hundreds of millions of dollars
annually to obtain spare parts needed to support new air-
craft during an initial period of operation. . . . Initial
provisioning is one of the most important activities of
military supply. if not enough parts are purchased,
operational capabilities of new aircraft can be reduced,
If too many parts are purchased too soon, or if wrong parts
are purchased, money is wasted or prematurely spent [21313.

The report contiuýed and said
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The appropriations Committeaes of the Congress and other
committees may wish to consider the matters discussed in this
report in connection with future Air Force requests for spare
parts To initially support new weapon systems [21:4].

Ac a result of this unfavorable GAO report, DOD directives

were implemented by the inventory specialists at AFLC which signi-

ficantly reduced the ISSL stock levels (7:I). The Inventory

management specialists who were interviewed pointed out that the

ISSL stock levels have become insurance items until normal supply

channels can be established and each item on the ISSL has had an

opportunity to go through its demand development period (2,6,8,11).

The demand development 7eriod extends from the item's

prelimina•y operational capability date to that point in time

when the item requirements "... can be forecast based upon

actual demand or other empirical data indicative of the need for

spare a repair parts [19:Enc) 4-I]." The demand development

period cannot exceed two years; however, in some cases the period

way end in a relatively shorter period of time (19:Encl 4-I).

Other factors which the inventory specialists pointed out

indicate that there is a inadequate feedback system due to an

apparent lack of understanding of -.he ISSL development and adjust-

ment p:Lcess. Perhaps the most graphic portrayal of this lack of

iuderstanding occurs when the spare/replacement parts are requisi-

tioned from the base supply system. For example, the requisitioning

code oftentimes does not reflect the proper priority code; i.e.,

13
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an expedite code is used instead of a routine code when applicable

(2). The i.-pact of these expedited requisitions is felt at the

provisioning conference. The provisioning conference serves as a

forum at which the system manager, item manager, and representatives

from the using command meet to review and discuss the range and

depth of items designated to become part of the ISSL (15:12-29).

The major command represe:itatives oftentimes comes to these con-

ferences with requests for changes to the levels of certain items

which are based on personal experiences, actual or historical, on

similar items.

Once the ISSL has been established changes to the computed

stock levels may be submitted to Directorate of Materiel Require-

ments (AFLC/LOR) for review and possibla inclusion in the ISSL

(2,6,8,9:1), Currently, AFLO policy authorizes units to submit

requests for changes to the computed ISSL quantity levels, provided

the changes are based on sou-d managerial judgement and submitted

in writing to AFLC/LOR (6,8,9sI). The intent of this policy was to

allow for unusual circumstances to be rectified. These written

requests for changes to the computed levels were expected to be

the exception rather than the rule, However, change request letters

are continually being received Pnd processed by AFLC/LOR, which

indicates a lack of understanding of the ISSL process and its

purpose by the using agencies (6,9 1).
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To put the foregoing into perspective, the initial spares

support list (ISSL) is designed to provide an adequate range and

depth of spare/replacement parts at base level to support weapon

system/equipment activations until normal supply channels can be

established. The depth of items provided is fixed for 733 days

unless actual demand exceeds the anticipated usage (15:12-29).

Based on the preceeding -nformation the problem for our

research effort is to develop a dynamic model of the ISSL develop-

ment process. Since the steps applicable to a system dynamics

approach will be employed in the model construction several

research objectives were established and research questions were

formulated to guide the research effort. These research questions

and objectives were designed to uncover the structure of the ISSL

development process because uncovering the structure of a system

". tells how the parts are related to one another [3: i5J"

ApAplying System Dynamics

System dynamics was selected as the approach to study the

ISSL development process because it provides "... a way of study-

ing the behavior of industrial systems to show how policies,
decisions, [and] structure . . . are interrelated . . . [3:viij."

Another factor which prompted the application of system dynamics

to this research effort was that the central activities of the ISSL

development process are also found in the corporate activities

1.5
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towards which system dynamics is directed. In his book industrial

Dynamics, Forrester said

any economic or corporate activity consist offlows of money, orders, materials, personnel, and capital
equipment. These five flows are integrated by an informa-
tion network D:vii].

Further, system dynamics "... recognizes the critical importance

of this information network in giving the system its own dynamic

characteristics [ :vii]."

In approaching the construction of a model of the ISSL

development process system dynamics was attractive because it

analyzes the real world system to ". . . determine how information

and policy create the character of the organization D3•vii]," and

permits the model to be used as a "management laboratory.1" The

system dynamics approach requires a series of steps for the success-

ful creation of the management laboratory. Two of the steps

necessary for the successful application of system dynamics are

. first . . . to identify the problems and goals
of the organization. The second is to formulate a model
that shows the interrelationships of the significant factors.
Such a model is a systematic, way to express our wealth of
descripyive knowledge... £3'vii].

By applying system dynamics, the wdel was developed that revealed

the be-havior of the system as determined by the interactions of the

system's variables. Perhaps the greatest benefit of a properly

constructed model is that ". . . proposed qhanges can bs tried

in the model and the best of them used as a guide to better

management [3 :vii."
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The best support for the use of system dynamics is found

in Jay Forrester's book Industrial Dynamics; the reader should note

that industrial dynamics is synonymous with system dynamics. In

Industrial Dynamics Forrester said:

Industrial dynamics is the study of the information-
feedback characteristics of industrial activity to show
how organizational structure, amplification (in policies),
and time delays (in decisions and actions) interact to
influence the success of the enterprise. It treats the
interactions between the flows of information, money,orders,
materials, personnel, and capital equipment in a company,
an industry, or a national economy.

Industrial dynamics provides a single framework for
integrating the functional areas of management--marketing,
production, accounting, research and development, and
capital investment. It is a quantitative and experimental
approach for relating organizational structure and corporate

* policy to industrial growth and stability.

S{Industrial dynamics should provide a basis for the design

of more effective industrial and economic systems E:13].

The ISSL development process of the Air Force supply system

further lends itself to a system dynamics approach because it has

I all of the characteristics delineated by Forrester. These

charaateristics include an organizational structure, policies,
decisions, information flows, money, orders, material, personnel,

a1 capital equipment. In addition, the ISSL development process

" ~also includes areas which are equivalent to the functional areas

found in private industry which include matketing, production,

accounting, research and development, and capital investment. The

distinct similarities that exists between the ISSL development

17



process and the information-feedback structure of private industzial

concerns make the system dynamics approach to model constructio n

well suited to our needs.

Research Questions

The research questions that were addressed during this

AFLC requested study were:

A. Can the pertinent dynamic interrelationships that

produce the ISSL be identified?

B. Can the cause and effect relationships of the interact-

ing variables be traced?

C. Can the control process be formulated to describe

how decisions result from available information?

D. Can a mathematical model of the process, information

sources, i-nd interactions of the ISSL development

process be constructed?

Research Ob•ectives

The following specific research objectives were developed

to guide this research effort towards the general objective of

constructing a dynamic model of the initial-spares support list

(ISSL) development process:

A. Determine the pertinent dynamic interrelationships

that produce the ISSL. Identify the pertinent infor-

18



mation-feedback structures that exist and how they

interact to produce the range and depth of items

required to provide end item support.

B. Trace the cause and effect relationship of the inter-

acting variables. By accurately t3acing the relation-

ships that exist between the variables which have been

determined to be pertinent, the central underlying

structure of the ISSL development process will be

revealed.

C. Formulate the control process to describe how decisions

result from available information. The formal as well

as informal control processes which result in the

finalized ISSL must be studied to accurately represent

how the published ISSL is determined.

D. Construct a mathematical model of the process, infor-

mation sources, and interactions of the ISSL develop-

ment process. The construction of a quantitative model

provides a method of insuring that all pertinent vari-

ables have been included and that the constructed model

accurately represents the ISSL development process.

E. Generate the behavior of the system through time by

operating the mathematical model. Through operation

of the model the applicability of the model to the system

19



and its ability to duplicate the system will be revealed.

For the ISSL development process, adequate end item

support will be provided.

F. Test the internal and external validity of the model.

In order for the model to be useful it must replicate

the system being studied. For this to be possible all

of the internal and external functioning of model must

duplicate the actual system.

In the succeeding chapters the model of the initial spares

* support list (ISSL) development process will be described in confor-

mance with the research objectives. Chapter II will address the

methodology of the research effort and provides an introduction to

system dynamics. Chapter III presents the interrelationships and

the polarity of the relationship between the variables that make up

the ISSL development process.

The control processes of the system will be formulated, and

a mathematical model constructed in Chapter IV. Model operation

and validation are discussed in Chapter V. Chapter VI presents a

summary of the study, conclusions, and recommendations for further

research.

20
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Chapter II

METHODOLOGY

introduction

As indicated, in Chapter I, system dynamics was employed to

analyze the ISSL development process. Presented in this chapter are

the system dynamics techniques of causal loop diagramming, flow

diagramming, and equation formulation. This is followed by comments

concerning model operation, validation, experimentation, and data

sources. The discussion in this chapter is designed to prepare the

reader for the technical discussion of the model in succeeding chap-

ters. Causal loop diagramming is presented first.

Causal-Loop Diagramming

Goodman both defined and stated the purpose of causal-loop

diagramming. He said:

System dynamics focusses on the structure and behavior of
systems composed of interacting feedback loops. . . . Causal-
loop diagrams identify the principal feedback loops without
distinguishing between the nature of the interconnecting vari-
ables. . . . and play two important roles in system dynamics
studies. First, during model development, they serve as pre-
liminary sketches of causal hypotheses. Second, causal-loop
diagrams can simplify illustration of a model. In both
capacities, causal-loop diagrams allow the analyst to quickly
communicate the structural assumptions underlying his model
C4.53.
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A relatively simple example from the ISSL development process model

is presented in Figure 2-i to illustrate the major strlactural

features of a causal loop diagram. This diagram will be developed

into a system dynamics flow diagram and a series of DYNAMO equations

in later sections of this chapteri..

•i• WISSL

BIAR •1 BISSLD

62I3NOTE 8ISSL -BASE ISSL
~59NOTE SSLD -BASE 1551 DISCREPANCY

Al 5NOTE BIAR -BASE ISSL ADJUSTMENT RATE
111!0OTE ISSL -iORLDV1I)E I15L
SZUOTE FEllI -FRACTION OF END ITENS ON BASE

Figure 2-i. Example Causal-Loop

The three major components of the causal loop are its vari-

ables, the relationships between the variables, and the polarity of

the loop. The variables are Forrester's . . . factors that appear

to interact to create the observed symptoms [3:133." In the example,

they are the Base ISSL, the Base ISL Adjustment Rate, the Base ISSL

Discrepancy, the Worldwide ISSL, anii the F•aotion of End Items on

Base..

Tho relationship between a pair of variables is indicated

by an arrow. The directional influence of the relationship is

indicated by the direction of the arrowhead (4a6-?). Referring to

22
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the example, the Worldwide ISSL influences the Base ISSL Discrepancy,

the Base ISSL Discrepancy influences the Base ISSL Adjustment Rate,

and so on. The sign of the arrow indicates the type of influence.

A critical assumption in determining the sign of a pairwise causal

relationship is that all factors are held constant except for the

variables in the relationship under consideration (4: 8). For

example, when considering the relationship between the Worldwide

ISSL and the Base ISSL Discrepancy, the Fraction of End Items on

Base, the Base ISSL Adjustment Rate, and the Base ISSL are all

considered to be constants. If the sign of the relationship is

positive, then "... a change in one variable generates a change

in the t.ame direction in the second variable relative to its prior

value . . . C4: 73." In the example, an increase in the Worldwide

j. ISSL zesults in an increase in the Base ISSL Discrepancy; similarly,

a decrease in the Worldwide ISSL results in a decrease in the Base

ISSL Discrepancy.

If the sign of the arrow is negative, "... a change in

one variable produces a change in the opposite direction in the

second variable [4: 73." For example, as the Base ISSL increases,

the Base ISSL Discrepancy decreases; conversely, as the Bas•i ISSL

decreases, the Base ISSL Discrepancy increases.

The polarity of the overall causal-loop is indicated by the +

or - sign in parenthesis within the loop. If the polarity of the

loop is positive, ", . . a change in one element. , . causes further

= 2



change in the same direction in an unending process [4.26]."

If the polarity of the loop is negative, the loop is goal seekLiag

(4:9)1 that is, there is a feedback mechanism present which

tends to keep a given system at equilibrium.
In the most simple system, a single rate based on discre-
pancies between the desired goal and level drives the system
to its goal value. Inflow or outflow rates read.just until
the level reaches the desired value E4s51J.

This is the case in the example. The polarity of the loop is

negative; therefore, any influence that generates a Base ISSL

Discrepancy will be countered by an adjusted Base ISSL Adjustment

Rate until the desired Base iSSL level is reestablished.

After the entire ISSL development process was described

to the point where the important variables and interrelationships

were identifiqd in a causal-loop diagram, system flow diagrams

were developed.

Flow Diagrammirg

Flow diagrammiug is an intermXi&ate step in developing

a system dynamics model. Goodman stated that detailed flow

diagrams must be constructed before situulation analysis can

proceed from the causal-loop stage (4s12), Forrester stated that

a pictoial representation of an equation system is
highly desirable. A diagm that displays the interrelation-
ahipz between equations helps to lend clarity to the system
fom2la~tion. . .. A properly constructed flow diagram is
better than a seot of equations for communicating the structure
of a system to many pýLacticing managers. A diagrama represents
an intermadiate transition between verbal description and a
set of equations D, 3 .
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The standard symbols used in flow diagramming are illustrat-

ed in Figure 2-2 and briefly discussed below. An auxiliary variable
represents a concept in the information flow channel that has an

independent meaning. It can be algebraically substituted into a

rate equation. A constant is a numerical value that does not

change for the duration of the computation of a single model run.

A decision function (rate) can be thought of as a "valve" that

determines the rate of flow in a flow channel. A delay ir' a com-

bination of .evels and decision functions that modify the time
I relatiov,4.•; between the input flow which is given and the result-

ing outpat flow which is generated by the delay. A flow of infor-

imation represents the passage of information within the system.

i •A flow of resources is the passage of people, money, or materials

into or out of the levels within the system. An information

takeoff is the origin of an information flow. A level is the

aggregation of resources within the systeml i.t is analogous to

"inventory in a supply system. A source or a sink is an origin
I4

or destination of resources which lies outside of the boundaries

K of the model.

•- A system dynamics model is primarily concerned with levels

and 1flow rates. Forrester said:

A basic structure of alternating lemlel and flow rates
seemo to represent the nature of irndustrial management
systems. The levels determine the decisions that control
flow rates. The flow rates cause changes in the levels.

These levuls and rates make up six interconnected networks

....... ,"•":.......................



Auxiliary Variable

Constant

Decision Function

Delay

Flow of Information. ---

Flow of Resources

Information Takeoff

Level

Soarce or Sink %i

Figure 2-2. Flow Diagram Symbology (3:82-84)
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that constitute industrial activity. Five of these represent
materia~ls, orders, money, capital equipment, and personnel.
The sixth, the information network, is the connecting: tissue
that interrelates the other five [31 67:1.

The flow diagram corresponding to the example cu.isal-loop

diagram in Figure 2-1 is presented in Figure 2-3.

Z' ISSL

BIAR

SJZ5NTE 31551 -BASE ISSI
I5RNOTE BISSLD -BASE ISSL DISCREPANCY
UISMOTE BIAR -BASE ISSL ADJUTWET RATE
*1IMNTE VISSI. -NORLOVIDE ISSI.

* SIZ5OTE FEWl 4SATflO OF END lITES ON BASE

Figure 2-3 Excample n.ow D~iagram

The primary f'low in this diagram is the flow of IflformLtion

concerning the level of the Base ISSL. This flow is represented

in the diagram as originating e. a source/sink and moving throtzgh

.tw-y av (Base ISSL Adjustment Rate) into the level

"~Base ISM"'. The valve is controlled by the Base ISSL Discrepancy

which, in turn, Is 8. Iunction of other factors that are determinei

27

L~



by management decisions. According to Figure 2-3 the Base ISSL

Adjustment Rate is controlled by an information feedback loop

which compares the actual Base ISSL level with the desired Base

ISSL level (i.e., the Worldwide ISSL times the Fraction of End

Items on Base) to determine if a discrepancy exists. If a dis-

crepancy does exist, the Base ISSL Adjustment Rate is adjusted

to correct the discrepancy. From this flow diagram it is possible

to construct the mathematical equations that are required to run

the model on the computer.
I

Equation Formulation

The computer language that is used to implement a system

dynamics model is called DYNAMO (10:1). This section discusses

Tthe format. of the equations used by the DYNAMO program and illu-

"strates the correlation between a flow diagram and its DYNAMO

equations. The equations that correspond to the example flow

diag•am of Figure 2-3 are presented in the text as they are dia-

cussed.

Forrester stated that

The equations tell how to generate the system conditions
for a new point in time, given the conditions knoum from the
previous point in time. The equations of the model are evalu-
ated repeatedly to generate a sequence of steps equally spaced
in time. Level equations and rate equations generate the
levels and rates of the basic model structure. In addition,
auxiliary, supplementary, and indtial-value equations are
used D' 73].

28

''43ý u



Before the five classes of DYNAMO equations listed by Forrester

can be discussed, it is necessary to explain the time sequence

that the DYNAMO program uses as a basis for its computations.

DYNAMO deals with only three times: the present time

(K), the time that is one time-unit (DT) in the past (J), and

the time that is one time-unit in the future (L). The time-unit,

DT, is a constant that is determined by the analyst. Since the

program de..ls with only three points in time (J,K,L), each

separated ly the time period DT, there are only two time periods

in the model: JK and XL, each of which is DT long. When the

program is run, the computer calculates all levels at time K and

all rates for the time interval XL. The computer then "indexes"

time one step into the future O: 74-75).

The K levels just calculated are relabeled as J levels.
The KL rates become JK rates. Time K, "the present," is
thus advanced by one interval of time of DT length. The
entire computation sequence can then be repeated to obtain
a new state of the system at a time that is one DT later
than the previous state [3: 751.

This concept is illustrated graphically in Figure 2-4 and is the

basis for the formulation of the five classes of DYNAMO equations.

Level (L) equations define "... the varying contents of

the reservoirs (stocks, inventories, balances) of the system

[3D 763". Levels would exist even if the system were brought to

rest and no flows existed. Level equations are independent of

each other and depend only on Information before time K O(3 76).
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•LEVEL

J K L (Indexing at Time ti) TIME

J K L (Indexing at Time =t 2 )

J K L (Indexing t Time t3 )

Figure 2-4. DYNAMO Time Flow

An .example of a level equation from Figure 2-3 iss

BISSL. K BISSL. J + (DT)(BIAR.JK)

This equation states that the present value of the Base ISSL at

time K equals the previous value of the Base ISSL computed at time

J plus the value of the Base ISSL Adjustment Rate during the last

time interval JK times the length of the time interval JKi i.e., Dr.

Rate (R) equations define the rate of flow between the levels

of the system. They are d..cision functions of the system and are

evaluated from the presently existing values in the levels in the

3
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system (3:77). An example of a rate equation from Figure 2-3 is

BIAR.KL - BISSLD.Ko This equation states that the Base ISSL

Adjustment Rate for the time period KL will equal the Base ISSL

Discrepancy calculated at time K.

Auxiliary (A) equations are subdivisions of rate equations

that permit keeping rate equations simple and in close correspondence

with the flow diagram. ftamp~es of auxiliary equations and their

corresponding rate equation from another portion of the ISSL develop-

ment model are:

A WIARFI.K = (•ID1.K)(WTFi.K)(WTF3.K)/Dr
A WIARF2.K = WID2.K) (WTF2.K)('JFý.K)/DT
R WIAR.KL = (WIARFI.K + WIARn2.K)

Note that all three equations are composed of relatively simple

mathematical terms which can be easily related to the structure of

a flow diagram. If the three equations are combined into a single

rate equation, the expression on the right side of the equation

becomes unnecessarily complex:

R WIAR. KL T(F73.K)(WID1.K)(WTFI.K). + (WII2.K)(vTF2..K))

DT
Supplementary (S) equations may be uaed to define variables

which are not a part of the structure but which are of interest to

the researcher (3379). They aro not used in the ISSL model.

Initial-value (N) equations are used to define the initial

values of all levels, and some rates, that must be given before the

first cycle of computations can begin (3M79). BISSL - BISSLI

is an initial value equation which states that Base ISSL equals the

initial Base ISSL.
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The five classes of equations discussed in this section are

the basic elements of a system dynamics model which can be run on

the computer with the DYNAMO simulation language. Forrester issu0.d

a word of caution concerning the DYNAMO equations. He stated thrft

these equations are not "right" in any intrinsic
or mathematical way. They merely describe what we have chosen
as the most significant relationships. The equations are akin
to a verbal description of the situation. They are wrong to
the extent that we wrongly interpret the organization whi4 ch is
being desoibed [3-144]

The "rightness" of the equations will influence the remaining steps

of the system dynamics modelling process. These steps are discussed

in the next section.

Model Operation, Validation, and. Experimentation

Once the three processes of causal-loop diagramming, flow

diagramming, and equation formulation were comple ted for the ISSL

development process, the following three steps .i, the application

of system dynamics were accomplished,

*Generate the behavior through time o the system as
described by the model [iA this :"a using the DYNAMO
computer Program].

*Compare results against . poitinent available
knowledge about the actual system.

*Revised the wdel ,.atil it iXs acceptable as a representa-
tion of the actua] system [3i3].

Model building is -n experiaental precess. Once the basic

model was developed, siý-ulations on the computer were made. The

behavior of the mdel ý,aas compared with expected behavior and with
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the behavior of the actual system. If differences existed, changes

in the flow diagrams, the equations, or both were made, and the

simulation was reaccomplished. This process was repeated until

the behavior of the model closely resembled the behavior of the real

world ISSL development process. In this way the internal validity

of the model was confirmed. The model was developed to the point

where it now can be used as a management laboratory in which the

analyst can experiment. It cannot predict the specific state of

the system at a given point in the future, but it cam show the

effects of a change in policy or swructure on the general behavior

of the system. The ultimate goal of the analyst, and the purpose

of the model, is to show the manager of the system how to improve

the organization's policies and structure 0(130-133).

Data Sources

Data necessary for the construction of the causal loop

diagrams, flow diagrams, and DYNAMO equations were obtained from

AFLC Headquarters personnel through personal interviews and from

various DOD, USAF, and AFLO publications. These sources represent

the ISSL policy makers and the directives which implement their

policy. Specific numerical data were obtained from actual AFLC

forms where they were available; where actual data was not available,

numbers were intuitively developed to enable the model to operate.

Reference to specific data sources are aade throughout the following
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chapters. Statistical techniques were not required in the

development of the model.

This completes the discussion of the research methodology.

Chapter III identifies the variables in the ISSL development

process and discusses the cause and effect relationships among

these variables.
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Chapter III

CAUSE AND EFFECT RELATIONSHIPS

Introduction

As indicated in Chapter II, the identification of the

important variables and their interrelationships begins with a

causal-loop diagram of the system under study. This chapter identi-

fies the cause and effect relationships that exist between the vari-

ables that interact to form the initial spares support list (ISSL)

development process. Goodman stated the purpose of the causal-loop

diagram when he said, .. . causal-loop diagrams allow the analyst

to quickly communicate the structual assumptions underlying his

model CLis5].n

The causal-loop diagram describes the feedback mechanisms

that exist between the variables which make up the system. In order

to construct a causal-loop "... we must first establish the pair-

wise relationships of relevant variables [4s5-6]." After the pair-

wise relationships are established the variables are then ".

linked together to form the feedback loops of the system. . .I [u11-12]." This process is repeated until all the relevant vari-

ables and relationships have been identified and linked together to

form the causal-loop diagram of the system wider study.
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1To facilitate the construction of the causal-loop diagram

of ISSL development, the process was divided into sectors so that

the interacting variables could be more readily Identified. Through

the use of sectors functions and control processes were grouped into

homogeneous areas which made the determination of variable inter-

action somewhat easier to follow. The sectors that were iderti-

flied and puraued during the research effort were the initial -ytres

support list kISSL) Development, Base Invon.ort, Depot Inventory,

and Consumption Sectors. These sectors are interidepend nt, and

their Interdependence results in the ISSL devlopment prucess.

The remainder of this chapter describes each of the indivi-

dual sectors as they were conceptualized. Each of the sector des-

criptions includes its causal-loop diagram, an explanation of the

palroise relationships that exists between the variables in that

sector, and a discussion of the logic that was used in designirg

each sector. As the reader progresses through this chapter, the

interrelationships of the variables within a given sector and the

interrelationship between the sectors should become evident.

Initial Comrut"ation P•agreters

Selection of items. for inclusion on the initial spares

support list (lSSL) is '... accomplished by the ALC [Air Logistics

Center3 having support responoibility for the weapon system or end

article of equipaent [i1s12-30]." It is during the initial provision-
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ing conference that the technical equipment specialist, item manager,

system manager, contractor, and using command representatives meet

to discuss the range and depth of items to be included on the ISSL.

However, it is the technical equipment specialist who has ".

I final responsibility for determining the range of items selected

Sfor an ISSL [15:12-30]1 " becausa he 'e . . . holds a key role in

developing and maintaining logistics support for Air Force syatems

and equipment [14A.1." The equipment specialist's responsibilities

commeres ". . d=ing the conceptual b.ase of system or equipment

development and continues until the system or equipment is removed

*!/ from the inventor-j [i:11]."

Among the important functions performed by the equipment

specialist are the determination of the reparability of items, the

{ assignment of source, maintenanc-, anti racoverv.billty odes, and

the o-tablishment of factors to be used t~or the maintenance and

overhaul of Air Force spare a-d repair rarts. With the maintenance

and overhaul factors the equipment specialist is projecting the

initial maintenance requirements. These factors are important

because they ", establish the base line for Initial requirements

computation [14t6]," The equipment specialist must %ccurately assign

the maintenance and overhaul factors because s

The accuracy of these factors is reflected in ex.ess ir
shortages during the initial operational and mintenance support
periods. In effect, the maintenance and overhaul factors tre-
dicate the total quantitative procurement, asset distributicn,
dollars spent for spares and repair parts support... [14,6J.

3?

S.-777



With the computation parameters set by the equipment specialist the

initial requirements computations can begin with the rates and

factors furnished to AFLC/LOR on the Programming Checklist.

ISSL Development Sector

,The causal-loop diagram of the inital spares support list

(ISSL) development sector is presented as Figure ^-1.

SBase ISSL/FVSSL

Number of End Items 4-E Item Use Rate
on Base

Worlawide ISSL/FOSSL
Inputs F'om Other Demami Rate

•- ~Bases|

Initial Wo,2idwide ISSL

Order and Ship epair Cycle
Time Requirement * Requirement

( ~ .Condemnnation Percent k-Z- epi
Base Order and n;Cycle
Ship Time

t eak Total Month
•<Fiird Issues

Total Demand Rate - V /Pere t
1Maintenonce Factor~ /Porcent

Peak Total Month Demaryd Peak Total Month Demand
Rate Issues Overhaual Issues

Total Quantity Installed
Per End Item -

I-oa k Month Program,

Yi uwe 3-1. IML Devolopient Seeor (tausal-Loop
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The input variables to this sector are the initial computation

parameters furnished to the Directorate of Materiel Requirements

in Headquarters, Air Force Logistics command (AFLC/LOR) by the

equipment specialist on the Programming Checklist (14:6-i1).

Using these parameters the initial requirements for the economic

order quantity items ". . . which have been identified as logical

spares and/or repair parts during initial provisioning. . . [12:2-1]"

4an be determined. AFLC Form 997, ECQ Initial Provisioning Work-

sheet, is normally "... used to manually determine initial EOQ

spares/repair parts requirements for centrally procured items coded

I ~for Air Force management . ,[1:Z-13," The variables which[ form this sector were derived from the computation worksheet.

In Figure 3-2 are shown the relationships that exist between

the Peak Month Program (projected monthly demand), Total Qua.tity

Installed per End Item, and Total Demand Rate Maintenance Factor

emeters from the Programming Check List on the Peak Total Month

Demand Rate Issues '(projected repair requirements) variable on the

provisioning worksheet. The positive polarity of the Peak Month

Proram, Total Quantity Installed per &A Item, and on the Total

Dew• Rate Maintenance Factor parameters indicate that as either

one of these parameters increase there will also be an increase in

the Peak Total Month Dema3 Rate Issues variables.
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Total Demand Rate
Maintenunce Factor

Peak Total Month
Demand Rate Issues

Peak Month Program Total Quantity Installed

per End Item

Figure 3-2. Peak Total Month Demand Rate Issues Causal-Loop

Figure 3-3 shows the relationship and polarity that exists

between the same Peak Month Program and Total Quantity Installed per

End Item parameters, and the Depot Replacemen. Percent parameter

which is ". , . developed from the overhaul replacement factor or the

provisioning document [12:2-2]," with the Peak Total Month Demand

Overhaul Issues (projected depot level issues for repairs). As

indicated in the causal-loop diagram for this portion of the sector

all three of the parameters have a positive effect on the computation

of the requirement variable which means that as the parameters in-

crease so will the calculated variable value (12:2-2,3).

Depot Replacement
Percent

S,+ 4 "
Peak Total Month Demand Overhaul

Issues

Peak Month Program Total Quantity Installed
per End Item

Figure 3-3. Peak Total Month Demand Overhaul Issues (ausal-Loop
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The calculated values for the Peak Total Month Demand Rate

Issues and Peak Total Month Demand Overhaul Issues have an impact

on the provisioning wcrksheet ':lue for the variable Peak Total

Month Field Issues (projected base level issues for repairs).

The interrelationship of the calculated variables is indicated in

Figure 3-4. As the Peak Total Month Demand Rate Issues increase

so will the Peak Total Month Field Issues; however, as the Peak

Total Month Demand Overhaul Issues increase there is a decrease

in the Peak Total Month Field Issues (12:2-3).

Peak Total Month

Field Issues

+ -

Peak Total Month Pe-0 Total Month
Demand Rate Issues Demand Overhaul

Issues

Figure 3-4. Peak Total Month Field Issues Causal-Loop

The Peak Total Month Field Issues interacts with standard

support times used for Base Order and Ship Time, Bas.) Repair Cycle,

and Condemnation Percent to determine the Order and Ship Time Require-

ment and the Repair Cycle Requirement. Since . . . initial spares

procurement will be limited to new items [i2:i-iJ," standard support

times are Ased because ". . . no actus'. data is available [12i2-1]."

The Order and Ship Time Requirement causal-loop is presented

as Figure 3-5, Each of the variables involved, Peak Total Month
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Field Issues, Base Order and Ship Time, and Condemnation Percent,

have a positive effect on the Order and Ship Time Requirement.

The result of these positive effects is that as either of variables

increase so will the Oider and Ship Time Requirement.

Base Order and
Ship Time

Order and Ship Time
Requirement

7%+ +

Peak Total M4onh.- ondemna~ion
Field Issues" Percent

Figure 3-5. Order and Ship Time Requirement Causal-Loop

Figure 3-6 depicts the interrelationships that exist to

form the Repair Cycle Requirement. In this instance the Peak Total

Month Field Issues and the standard value for the Base Repair Cycle

have a positive effect on the Repair Cycle Requirement. There-

fore, as these variables increase so will the Repair Cycle Require-

ment increase. Rowever, the Condemnation Percent has a negative

effect which means that as the Condemnation Percent increases the

Repair Cycle Requirement will decrease. The Condemnation Percent

for W)Q items , . . will always equal 1.00 [1212-2];" thus, the

Repair Cycle requirement is zero for EOQ items. This will be

explained further in Chapter IV.
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i ImI
Base Repair

Cycle

Repair Cycle
Requirement

Peak Total Month Condemnation
Field Issues Percent

Figure 3-6. Repair Cycle Requirement Causal-Loop.

The Order and Ship Time Requirement and Repair Cycle Require-

ment interact as shown in Figure 3-7 on the Initial Worldwide ISSL.

Both of the calculated variables have a positive effect on the ISSL.

As the Order and Ship Time Requirement or Repair Cycle Requirement

increases the Initial Worldwide ISSL will also increase.

Initial Worldwide
ISSL

Order and Ship Repair Cycle
Time Requirement Requirement

Figure 3-7. Initial Worldwida iSSL Causal-Loop.

In order to show the effects of adjustments made to the

initial ISSL quantities as the system progresses through time, a

new variable called Worldwide ISSL was introduced. The Worldwide

ISSL variable differs from the InItial Worldwide ISSL because it

takes into consideration the experience gained at those bases that

have used the initial ISSL quantities in support of the weapon
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system/equipment activation. In addition, the worksheets with the

original computations . . . must be available for HQ AFLC review

during regularly scheduled materiel management reviews [1232-13."

The interactions of the variables that have an impact on Worldwide

ISSL are shown in Figure 3-8. It should be noted that if the ISSL

is still in its initial stages of deployment and actual experiences

are limited the Initial Worldwide ISSL and the Worldwide ISSL axe

the saiae.

Initial Worldwide
ISSL

Worldwide ISSL

Inputs from Other
Bases Demand Rate

Figure 3-8. Worldwide ISSL Causal-Loop

As shown in Figure 3-8, as the Inputs From Other Bases goes

up there will be an increase in the Worldwide ISSL. Similarly, as

the Demand Rate expeiienced from actual usage of the ISSL goes up

there will again be an increase in the Worldwide :SSL. As the

Initial Worldwide ISSL goes ap, so too will the Worldwide ISSL

because they are essentially the same, differeing only in time; i.e.,

the Initial Worldwide ISSL initializes the Worldwide ISSL to a given

value, after which time the Worldwide ISSL becomes a function of

actual consumption data.
.4
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Worldwide ISSL

Base ISSL

Number of End Items End Item Use
on Base . Rate

Figure 3-9. Base ISSL Causal-Loop

The Base ISSL causal-loop diagram, Figure 3-9, is the final

portion of the ISSL development sector. As the Worldwide ISSL

increases the Base ISSL will also increase. Further, either the

Number of End Items On Base or the Base End Item Use Rate will have

a positive effect on the Base ISSL. This is true because as the

number of end items increase or the more the end item is used, the

greater the amount of spare/replacement parts will be required to

support the end item (it).

Thus, the ISSL Development Sector is composed of several

interdependent causal-loops which interact to produce the quantity

of items required to provide the projected end item support. The

description of Base ISSL causal-loop provides a point to begin the

description of the Base Inventory Sector.

Base Inventory Sector

The Base initial spares support list (ISSL) is the connecting

link between the ISSL Developmerit Sector and the Base Inventory

Sector as shown in ýiiure )A-O. The reader should note .hat the

4~5
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Stockage Objective 7  iPic

Money Available

Base Economic Order for Procurement

Base Procurement
Rate

Depot Inventory
Base Reor`der

Point

Safety Level fOrder and Ship Base Inventory
quantity Time Q~ua~ntity (Actual)

BBase Inventory
(Established)

4 \P\ Other Base
Requirements

I Parts Use Rate
Base ISSL/FOSSL (Actual)

VoldideI
ISSL

/ Cumulative Recurring

Demand

DeadRate
(Est~ablishd

FiU~re 3-10. Base Inventory Sector Causal-Loop
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Demand Rate element is not only in the ISSL development but also in

the Base Inventory Sector as well. The Demand Rate is used to

calculate the Safety Level Q0uantity, the Order and Ship Time

Quantity and the Economic Order Quantity in this Sector.

Figure 3-11 shows that as the Demand Rate goes up the Safety

Level, Quantity also increases. Similarly, as the Demand Rate increas-

es, the Order and Ship Time Quantity also increase. It should be

noted that a Safety Level Quantity is utilized only if the calculated

safety level is greater than the demand rate multiplied by fifteen;

otherwise, the Safety Level Quantity is equal to the demand rate

multiplied by fifteen (17:11-13).

Safety Level Order and Ship
Quantity Time Quantity

Demand Rate

Figure 3-11. Safety Level Quantity and Order and Ship Time.• -- :•:Quantity ca-us.-Loolo

After calculating the Safety Level Quantity and the Orier

and Ship Time Quantity, the Base Reorder Point can be determined.

The oausal-loop diag.am for thc Base Reorder Point, Figure 3-12,

reveals that the Safety Level qm~ntity and the Order and Ship Time

Quantity each ýAve a positive effect on the Base Reorder Point such
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that as either one goes up so too will the Base Reorder Point. In

addition to these two variables, the Base ISSL also has a positive

effect on the Base Reorder Point which means that as the Base

ISSL quantity increases the Base Reorder Point will also go up.

The Base Inventory level established by the Base ISSL

receives a positive impact from not only the Base ISSL but also

from Other Base Requirements as well (Figure 3-12). The established

Base Inventory has an impact on the Base Reorder Point in providing

a timing factor, as the reorder point used by the base is " 1/3

the minimum level quantity (ISSL) or normal reorder point whichever

is greater [17111-53•." The ISSL represents the minimum level of

a given item that must be on hand or on order, or a combination of

the two, in order to provide adequate system support as determined

by the equipment specialist (6,8,11).

Safety Level Order and Ship
Quantity ýTime Quantity

Base Reorder Point

Base Inventory

Base ISSL Other Base

Requireents

Figure 3-12. Base Reorder Point Causal-Loop
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The Demand Rate variable also interacts with the Variable

Stockage Objective and Unit Price in the Base Economic Order

Quantity causal-loop (Figure 3-13). As the Demand Rate in-

creases, the Base Economic Order Quantity also increases which

indicates a positive effect. The Variable Stockage Objective,

which represents the number of days items should be stocked to

cover, also has a positive effect on the Base Economic Order

Quantity (17a11-6). The Base Economic Order Quantity receives a

negative effect from the Unit Price because as the Unit Price in-

creases the Base Economic Order Quantity will have a corresponding

decrease.

Demand Rate
S~+

Base Economic Order
Quantity

Variable Stockage ý ýUnit Price
Objective

Figure 3-13. Base Economic Order Quantity Causal-Loop

Aside from the Demand Rate, the Base Reorder Point also

plays an important rvle in the Base Inventory Sector. The Base

Reorder Point is an important factor in the Base Procurement Rate

causal-loop, and the actual Base Inventory causal-loop diagrams.

The Base Procurement Rate receives positive inputs from the

Base Reorder Point, Base Economic Order Quantity, and from the Money

49
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Available for Procurement (Figure 3-14). As any. one of these vari-

ables increases the Base Procurement Rate will also increase. The

point should be made that while a variable for Money Available for

Procurement was included in the Base Procurement Rate it was done so

only as a matter of completeness. The Money Available for Procure-

ment variable represents an exogenous system to the ISSL develop-

ment process and was not thoroughly researched. The inventory

specialists interviewed indicated that once a requirement for addi-

tional operating and maintenance funds- were made known to the Base

Financial Activity, funds were made available to purchase the re-

quired items (6,8,11).

Base Reorder Point

•ase Procurement Rate (a) Depot Inventory

Base Economic Money Available
Order Quantity for Procurement

Figure 3-14. Base Procurement Rate Causal-Loop

Also depicted in Figure 3-14 is the positive effect of the

Depot Inventory on the Base Pxocurement Rate while the Base Procure-

ment Rate has a negative impact on the Depot Inventory. The reason

for this dichotomy should be intuitive in that as the Depot Inventory

has the required items, the Base is able to procure them vhich, in

50
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turn, reduces the Depot Inventory. Another variable which has a

dual impact on the Base Procurement Rate is the actual Base Inventory

Base Reorder Point

Base Inventory

Base Procurement Parts Use! Rate
Rate

Figure 3-15. Base Inventory Causal-Loop

As the actual Base Inventory increases the Base Procurement

Rate will decrease; conversely, as the Base Procuzement Rate

increases the actual Base Inventory will also increa e. Also shown

in Figure 3-15 is the positive effect of the Base Reorder Point on

actual Base Inventory.. This indicates that as tho Base Reorder

Point goes up, the actual Base Inventory will also increase.

Before completing a description of this sector a discussion

of how the Base Inventory Sector is interdependent on the Consumption

Sector and how it provides a weans of updating other Base ISSLs is

warranted. The Parts Use Rate Variable connects the Base Inventory

Sector directly to the Consumption Sector as will be discussed later

- in this chapter, and indirectly connects the Base Inventory Sector

with the Worldwide ISSL through the Demand Rate.

As indicated in Figure 3-15, the Base Inventory has a positive

impact on the actual Parts Use Rate which in turn has a negative
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impact on the actual Base Inventory. This means that as the antual

Base Inventory increases the actual Paits Use Rate can also increase;

on the other hand as the Parts Use Rate increases the Base Inventory

decreases.

Figure 3-16 shows that as the Parts Use Rate goes up the

Cumulative Recurring Demand also goes up. The Cumulative Recurring

Demand represents the accumulated total of parts used over a given

period of time. Also shown by Figure 3-16 is that as the Cumulative

Recurring Demand increases the Demand Rate will also increase due to

the positive impact of Cumulative Recurring Demand on the established

Demand hate.

Base ISSL Base Inventory

Demand Rate

Cumulative Recurring
Demand

-lrts Use Rate

Figure 3-16. Demand Rate Causal-Loop

If the Demand Rate changes by a significant amount the Base

ISSL and the established Base Inventory level mast be considered in

determining if a change in quantity is warranted. However, " de-

mar-d levels will be changed only when the amount of chAnge equ&ls or

exceeds the square root of the exisfirg level r17:11-4J."
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Depot Economic Order Depot Reorder Point

Quantity

nBase ProcurementDepot Procurement .

++

for Procurement

Figure 3-17. Depot Inventory Sector Causal-Ioop

Depot Inventory Sector

The Depot Inventory causal-loop diagram (Figure 3-17) is

interdependent with the Base Inventory Sector through the Base Pro-

curement Rate as discussed in the Base Inventory Sector description.

As was the case with the Base Inventory, the Depot Inventory has a

negative effect on the Depot Procu:ement Rate which in turn has a

positive impact on Depot Inventory. As in the similar case, this

I means that as the Depot Inventory goes up the Depot Procurement Rate

goes down; conversely, as the Depot Procurement Rate increases the

Depot Inventory also increases.

Figure 3-17 also shows that the Depot Procurement Rate is

positively correlated to the Depot Economic Order Quantity, Depot

Reorder Point, &nd Money Available for Prcurement. However, since

the depot inventory system is exogenous to the A.nitial siare! support

list (ISSL) development process it was not thoroughly resear-hed;

research w•a conducted only to the extent to determine the effects
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of the Depot Inventory System on the Base inventory system.

Thub, only the essential variables have been included.

Consumption Sector

The causal-loop diagram of the Consumption Sector is

presented as Figure 3-18. One of the key elements of this sector

is the Parts Use Rate. The Parts Use Rate variable represents the

withdrawal of spare/replacement items from the Base inventory. The

rate which the parts are removed is affected by the number of Not

Ready End Items, the Quantity of item installed per End Item, the

Repair Capability, and Other Base Requirements for the items, if any

exist. Figure 3-19 shows the relationship that exists between these

variables and the Parts Use Rate.

Other Base Repair
Requirements Capability

+ + +

Parts Use Rate (+) End Item Repair

+ + Y .... Rate

Not Ready Quantity Installed
End Items per End Item

Figure 3-19. Parts Use Rate Causal-Loop

As indicated by the assigned polarity symbols, each of the

variables have a positive impact on the Parts Use Rate such that as

either of the variables increase there will also be a corresponding

increase in the Parts Use Rate. Note also that the End Item Repair



Rate has a positive impact on the Parts Use Rate which in turn has

a positive impact on the End Item Repair Rate. This means that as

either the End Item Repair Rate or the Parts Use Rate increases

there will be an increase in the other variable.

The End Item Repair Rate is also a factor that affects the

number of Ready End Items on the Base to carry out the assigned

mission (Figure 3-20). As the End Item Repair Rate goes up the

number of Ready End Items will also increase. Conversely, it is

intuitive that as the Ready ErAi Items increase the End Item Repair

Rate will go down because there are fewer Not Ready End Items.

Desired Ready
Rate

End Item (_) Ready End Items Number of End
.Repair Rat Items on Base

Not Ready
End. Items

Figure 3-20. Ready End Items Causal-Loop

The concept of fewer Not Ready End Items is also illustrated in

Figure 3-20 by the negative polarity given to the relationship that

exists between the Ready End Items and Not Ready End Items.

Figure 3-20 also shows that the number of Ready End Items is

also affected by the Desired Ready Rate and the Number of End Items
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on Base. Both of these variables have a positive affect on the number

of Ready End Items. The Desired Ready Rate is affected by two vai-

ables (Figure 3-21).

Desired Ready Rate

Command Directives '+ • Wing Commander's Desires

Figure 3-21. Desired Ready Rate Causal-Loop

A Command Directives and the Wing Commanders Desires have a

positive impact on the Desired Ready Rate. As either one goes up

the Desired Ready Rate will also increase. Command Directives

represent the percentage of assigned end items which must be ready to

meet the assigned Base mission, the Command Directives are often-

times augmented by the Wing Commander Desires to meet unforeseen

.k emergencies or contingency operations.

Ready End Items is affected by and has an impact on the End

Item Failure Rate (Figure 3-22). The number of Ready End Items has

a positive relationship with End Item Failure Rate in that as the

number of Ready End items increases more failures are expected.

On the other side of the coin, as the End Item Failure Rate goes up

the number of Ready End items will decrease. The relationship that

exists between the Number of Failures and End Item Failure Rate is

also shown in Figure 3-22, As the Number of Failures increase there

is also an increase in the End Item Failure Rate.
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End Item Failure
Rate

Ready End Items - Number of Failures

Figure 3-22. End Item Failure Rate Causal-Loop

The final variable conceptualized as being in the Consumption

Sector is the Number of Failures. The three variables that interact

and affect the Number of Failures are shown in Figure 3-23. All

three of the variables, Mean Time Between Failure, Operating Environ-

ment, and Mission Profiles, have negative affects on the Number of

Failures. This means that as the Mean Time Between Failure increases,

or the Operating Environment goes up in terms of being better for

end item operation, or the Mission Profile, which is how the item

is used, goes up or improves the Number of Failures will decrease.

Number of Failures pertains to not only end item failure but to com-

ponent failure which takes the end item out of mission ready status.

Mean Time Between
Failure

Number of Failures

Operating Environment Mission Profiles

Figure 3-23. Number of Failures Causal-Loop

The four sector causal-loop diagrams can be combined to form

a single causal-loop diagram of the initial spares support list (ISSL)
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V development process, and the interaction of the component varutbles

would not change. While the causal-loop diagrams are useful during

the conceptualization of a system because ". . . they help Identify

and organize principal components and feddbock loops of the system

under study [4:113." However, flow diagrams are essential in

"*¾... model construction and equation writing [4:11]," because the

causal-loop diagrams ". lack the precision and detail of the

rate, level, and auxiliary elements found in flow diagram,; [4:11]."

The causal-loop diagrams discussed in this chapter formed

the basis upon which the flow diagrams of the ISSL development

process were devised. The flow diagrams and the mathematical

equations of the dynamic ISSL development process model are the

subjects of the next chapter.
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Chapter IV

FLOW DIAGRAMS AND DYNAMO EQUATIONS

Introduction

In this chapter the causal loop diagrams that were presented

in Chapter III are transformed into System Dynamics flow diagrams and

DYNAMO equations. Each of the four sectors is treated as an indlvi-

dual unit and the connections between the sectors are identified where

they occur. In order to simplify explanation of the flow diagrams,

they have been divided into small sections. These sections are then

presented along with the corresponding DYNAMO equations. The discus-

sion of each sector begins with a central level or auxiliary variable.

The sector is then decomposed variable-by-variable until further de-

composition is no longer possible; i.e., the discussion reaches a con-

stant or a variable that has either been previously discussed or that

will be discussed in another section.

To avoid continuous repetition, three concepts that appear in

many of the model's equation are explained here. The first is the

concept of an adjustment rate. Chapter II briefly addressed this con-

cept in the discussion of the rate (decision) symbol and the rate

equation. An adjustment rate controls the quantity of material or

information in its associated level. It may be thought of as a valve

that opens or closes to determine how much material or information
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moves into or out of the level and at what speed (rate).

The adjustment rates are generally influenced by many factors.

These adjustment rate factors have been designed to determine the

magnitude of the adjustment rate and to establish the timing of the

rate; i.e., at what points in time the "valve" opens or closes.

These factors have been called various names throughout the system in

order to identify their function. Some examples are the Base Fraction

Ordered factors I through 5, the Worldwide ISSL Adjustment Rate Factor,

and the Adjustment Timing Factor. These factors are, in turn, a func-

tion of various variables that are identified in the appropriate

discussion.

The third concept is that of Delta Time (DT). This variable

appears in many equations. Its purpose is to make the model insensi-

tive to the computation interval of the simulation. If the analyst

wants a "high resolution" simulation that will indicate the minute

variations in the system, he may set the computation interval equal

to a day or a fraction of a day; .if, on the other hand, he is interes-

ted only in the general behavior of the system, he may set the compu-

tation interval equal to a week (7 days), a month (30 days), or even

a year (365 days). The variable Dr automatically adjusts the various

rote and auxiliary equations to the computation Interval so that the

model correctly simulates the operation of the system.

For reference, complete sector flcw diagrams and the entire

computer program listing are presented in the appendices. The first

"sector to be discussed is the ISSL Deve7.opment Sector.
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ISSL Development Sector

This sector describes the process that is involved in the

initial development of the ISSL. The process has been divided

into two parts: the development of the Worldwide ISSL and the

development of the Base level ISSL.

The Worldwide ISSL level is the quantity of a given item

that is required per month to support the entire weapon system

under study until normal demand rates can be established. Figure 4-I

illustrates that it is a function of the Worldwide ISSL Adjustment

Rate. The Worldwide ISSL Adjustment Rate is the sum of two factorst

the Worldwide ISSL Adjustment Rate Factor I and the Worldwide ISSL

Adjustment Rate Factor 2.

WIAR~i wAR

.. 1.. .IS.... .J..1D (gIA R4, )

1"ME visa -IMOLDIDE ISSL
ZZAEE OT -•MTA TIRE
ZSNOT VIMR -RMLDE ISSI AWOD~JTT RATE
VUR VIARLUIARFI .0*UARFLK
31MIIE VIM -1"R.IOE ISSI AUSTiT RATE
3MTE •UIWIF -Ol•lE IS% . AMITKET RATE FACTOR 1
XOUTE Itfl -IWZ -M i WIDE . ADJL STKUT RATE FACTOR Z

Figure 4-1. ISSL Development Sector Diagram 1
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Figure 4-2 illustrates that the Worldwide ISSL Adjustment Rate

Factor I is a function of the Worldwide ISSL Discrepancy 1, the

timing factors 1 and 3, and Delta Time. This set of factors forces

the computer program to compare the Worldwide !SSL level to the

WIAFI
WIDI WTF,1

iRZVT

WIISL TL

371A VIARFI.K=(ID1.K) (UTFI.K) (TF3.K) (1/DT)
4#fNOTE UIARF1 -VORLDOIDE ISSL ADJ•STMENT RATE FACTOR I
425NOTE MIDI -VORLOUIDE 1SSL DISCRPANCI I
431NOTE UTF1 -*ORLD4I'E IS1 TIMING FACTOR I
47M-• TE RTF3 -=IC.L E IL. TIMING FACTOR 3
H~OTE OT -CELTA TINE

525t4Ucfl1K:SSLK.U1SS1..
SMO~TE MIDI -UGRLBUUDE ISSL DISMUPACT I
575hNOTE WNISSL -INITIAL UORLDtI•E ISU
6UNOTE VISSL -"ORLOIIIDE ISSL
6M VTFI.KzCLIPt, hTIKE.KtiREVT1
65INOTE VTF1 -UORLUICE ISSL TItING FACTOR t
67MWTE TINE -TINE
7W(OTE RVMT -MABLUIDE 1551. MIENl TINE
7Z5A 1TPZ.K:CLIP(ItI hUTF1.K ,4l4
T75WOTE lTFZ "tWRl1IDE ISSK TIMING FACTOR Z
7751ATE WTFI -VORLOWI•E ISSL TIMISG FACTOR I
UN.L QTF3.KzCLIP(Ih ItUVTFU.d.5)
SMOTE UTF3 4=10E ISSL TIHISI FPTOR 3
BUNOTE giFZ -VRLDUIfE ISSL TIMING FACTOR Z

Figure 4 - 2. IL Development Sector Diagram 2
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Initial Worldwid~e ISSL until the point in time established by the

Worldwi~de ISSL Review Time. In other words, they force the Worldwide

ISSL level to equal the Inlitial Worldwide ISSL until the Worldwide

ISSL Review Time is reached. Figure 4-2 also illust..Lates that the

Worldwide 183L Discrepancy i. Js sir',ýply the difference between the

current Worldwide ISSL level and the Initial World,-ide ISSL.

The second factor that controls the Worldwide TSSL Adjustment

Rate is the Worldwide ISSL Adjustment Rate Factor 2. Figure 4-3

illustrates that it is also a fPimation of four factors' the Worldwide

I$SL Discrepan~cy 2, Timing Factors 2 and 3, and Delta Time.

(JVIWaF 2

I" 871A MIARIFZ.KW1z MO) (4TFZ.K) (IITF3. K) U IDT)
9IMOTE NIARFZ -UfJRLUIDE ISSL AI3JUTHENT RATE FACTOR9ZKT ZIZ -R~UD SS. [CEAC

9Wf GTE UMZ -MUVDIBE tSSI. TININC FA'CTOR Z
915MTE VTF3 UCRLDIGE IMsi TINNhO FACTOR 3
IIINOTE OT -DaTA TIRE

Figure 4-.ISS Development Sector Diagram 3
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These factors force the program to compare tha Worldwide 1SSL level

to the Worldwide ISSL Discrepancy 2 at the point in time that is

determined by the Worldwide ISU3 Review Time. At that time the

Worldwide ISSL level is revised iL necessary. Since command direc-

tives require that ISSL reviews be kept to a minimum, the model was

designed to review the Worldwidie ISSL only once during each simula-

tion.

* The Worldwide ISSL Discrepancy 2 is the difference between

the Worldwide ISSL level and the smoothed worldwide total monthly

demand rate for the item under study. It is a function of four

. as illustrated in Figure 4-4. The Smoothed Monthly Demand

Rate is a function of tha actual demand rate for an item that.has

been established through experience at a single base for the weapon

system under study for a period of time that is determined by the

Smoothing Period. The Input From Other Bases is estimated from the

Smoothed Monthly Demand Rate and the Fraction of End Items at the

one Base. The weapon system's total monthly demand rate is calcu-

lated and then multiplied by a noise factor to simulate reporting

errors (bee Chapter I). This figure is then compared to the current

Worldwide ISSL level to determine the Worldwide ISSL Discrepancy 2.

The Initial Worldwide ISSL is the second factor that is used

to calculate the Worldwide ISSL Discrepancy (see Figure 4-2). It

is the original AFLO estimate of the quantity of an item that will

be required to support the weapon system during its activation

period.
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F'igure 4-'4. ISSL B velopment Sector Diagram 4
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It is calculated on the AFLC Form 997, hMOQ Initial Provisioning Work-

sheet, using the equations in Chapter 2 of AFLGJ 57-27, Initial Re-

, quirements Determination. The data used in the calculations are

obtained from the provisioning documents and was discussc. in Chapter

III. Figure 4-5 illustrates that the Initial Worldwide ISSL is the

sum of the Order and Ship Time Requirement and the Repair Cycle

IWISSL

OST

KW 6
illP

....• ITlSSL.KrOSTR.KRCRBK

ISSMOTE lUISSI. -INITIAL VORMLDUE ISSL
M. 75NOTE OSTR -ORDER AND SHIP TINE REQUIREMtENT
I611NOTE MR -R.PAIR CYCLE REQUIREMETS•A6UA OStR.K:(SOStKI (PTt FI,KI (VP.K)

1659MOTE OSTR -CM AND SHIP TINE REQUIM T
167NOTE BOST -MBASE ORDiR AMN SHIP TIKE
17tOITE PT1NM -PE4M TOTAL KONTH FIELD ISSUES
lMZ5OITE CP -CON W TION PEET

IrnwOTE BOST -UASE ORDER AX0 SHIP lTIM
14MNTE 0ST -ORDER MND SHIP TINE
IBM~ ROR.K%(BR.K) (P1KINKM tt.96-CM1
MSIONTE 0~ -MEAIR CYCLE REQUIREKENY
MUMIWT IM -BASE REAIR CYCLE
ItWNOTE PINFI -PEAK TOTAL. NONIN FIELD ISSME
IUM~OTE CP -CGKMDT ION PERVEN

Fgure 4-5. ISSL Development Sector Diagram 5
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Requir-ement. The Order and Ship Time Requirement is the product of

tnree factors: the Base Order and Ship Time, the Peak Total Month

Field Issues, and the Condemnation Percent, The Base Order and Ship

Time equals the Order and Ship Time divi~ded by thirty.

PT14DOIPMDRI

DEFP T2WI4

1950A PTHFI .K:PTHDRI .K-PTNDOI .K
1975N0TE PTMFI -PEAK TOTAL MONTH FIELD ISSUES
Z#66N(LTE PINDRI -PEAK TOTAL MONTH DEMAND RATE ISSUES
2SZ3NOTE PTHDO I -PEAK TOTAL MONTH DEPOT OVERHAUL ISSUES
2#51A PTMl)OI.K= (DEFRP.K) (QPEI) (PMP.K)
375NOTE PTMDOI -PEAK TOTAL MONTH DEPOT OVERHAUL ISSUES
2100NOTE DEPRP -DEPOT REPLACEMENT PERCENT
21Z5NOTE QPEI -QUANTITY OF PARTS PER END ITEM
ZISINOTE PM? -PEAK MONTH PROGRAM
Z175A PTMDRI.Kat 'DRKF.K) (QPEI) (PMP.K)
ZZOINOTE PTMDRI -PEAK TOTAL MONTH DEMAND RATE ISSUES
ZZZ5NOTE TDRNF -TOTAL DEMAND RATE MAINTENANCE FACTOR
ZZ50NOTE QPEI -QUANTITY OF PARTS PER END ITEM
ZZ75NOTE PM? -PEAK MONTH PROGRAN

Figure 4--6. ISSL Development Sector Diagram 6

The Repair Cy~le Requirement is also the product of three factors;

the Base Repair Cycle, the Peak Total Month Field Issues, and one

minus the Condemnation Percent.

Figure 4-6 shows that the Peak Total Month Field Issues is

a function of two factors: the Peak Total Month Depot Overhaul
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Iasues and the Peak Total Month Demand Rate Issues. The Peak Total

Month Depot Overhaul Issues is the product o4 the Depot ReplacementC

Percent, the Total Quantity Installed per End Item, and the Peak Month

Program. The Peak Month Demand Rate Issues is the product of the

Total Demand Rate Maintenance Factor, the Total Quantity Installed

per End Item, and the Peak Month Program.

The Base level ISSL is the second part of the ISSL development

sector. It is the quantity of an item that is required at base level

to support a weapon system until normal demand rates are established.

BISSL

BMSL

BISISSL

Z311L BISSL.KzBISSL.J,(3T) (DIAR.JK)
Z3Z0TE SISSL -BASE ISSL
M3INOTE DT -DELTA TIME
WRO5NTE BIAR -BASE 1551. ADJSTOET RATE
Z49IR BIAR.Kt:DISSLB.K
Z4ZNNTE BIAR -BASE 1551 ADJUSTMIENT RATE
Z451NOTE DISSI.D -BASE ISSL DISCREPANCY
2474 B!SSUD.Kx(VISSL.K) (FEIB.K) -BISSL.K
2511KOTE BISSLO -BASE ISSL DISCREPANCY
flZHNOTE VISSL -NORLBUIDE ISSL
Z55HOTE FEID -FRACTION OF END ITEMS ON BASE
2375NOTE DISSI. 4BSE ISSi.

Fitgure 4-7. ISSL Development Sector Diagram 7

Itis a function of the Base ISSL Adjustment Rate as shown in Figu~re
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The Base ISSL Adjustment Rate is a function of the Base ISSL Discre-

pancy; i.e., the difference between the current Base ISSL level and

the updated Base ISSL. The three factors that determine the value

of the Base ISSL Discrepancy (the Worldwide ISSL level, the Base

ISSL level, and the Fraction of End Items on Base) have all previously

been discussed in this section.

This concludes the discussion of the ISSL development sector.

The Base Inventory sector is discussed next.

Base Inventory Sector

For purposes of discussion, the Base Inventory Sector has been

divided into two subsectorsi the Inventory Subsector which describes

the actual movement of items through the base, and the Daily Demand

Rate Adjustment Subsector which is concerned with the flow of informa-

tion about the movement of those items and how that information is

used. The Inventory Subsector will be discussed first.

Inventory Subsector. The central variable in this sector is the

level of the Base Inventory. This level is the quantity of the item

under study that is actually in stock in base supply. Figure 4-8

illustrates that this level is determined by the Parts Use Rate and

the Base Procurement Rate. Parts Use Rate is a par' of the Consump-

tion Sector and will be discussed later in this chapter. The Base

Procurement Rate is a function of the Base Economic Order Quantity

and the Base Fraction Ordered.
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39Z5L BINV.K:BINV.J+(DT) (BPROCR.JK-PUSER.JK)
3956NUTE BINY -BASE INVENTORY
3?75NOTE BPROCR -BASE PROCUREMENT RATE
4010NOTE PUSER -PARTS USE RATE
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4159NOTE BPROVR -BASE PROCUREMENT RATE
4075NOTE E00 -BASE ECONOMIC ORDER QUANTITY

Jý410NOTE BFO -BASE FRACTION ORDERED

F igure 4-8. Base Inventory Sector Diagram 1
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4150NOTE EOQ -BASE ECONGHIC ORDER QUANTITY
4175NOTE DDR -DAILY DERAND RATE
4ZINTE MS -VARIABLE STOCKAGE OBJECTIVE
4ZZ5NOTE UP -UNIT PRICE

Figure 4-9. Base Inventory Sector Diagram 2

As illustrated in Figure 4-9, the Base Economic Order

Quantity is a function of three factors; the Unit Price of the item

being procured, the Variable Stockage Objective, and the Daily Demand

Rate. These three factors are combined in the following manner to

yeild the Economic Order Quantity: EOQ 4.4 AýDDR)VSO}(yP)
UJP

Both the Variable Stockage Objective and the Unit Price are constants

that are peculiar to the particular item under study. The Daily

Demand Rate will be discussed latei.
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The Base Fraction Ordered is a combination of five factors:a

Delta Time and. the Base Fr-action Ordered factors 1,3,4, and .5. This

is illustrated in Figure 4-10. Base Fraction Ordered factors 1 and

5 are timing factors that "order" parts from the Depot whenever the

Base Inventory is depleted to the extent that it reaches the Base

Reorder Point.

BFOD

BF03

BF05 B3F02

6BF(14

4Z59A BFO,Xz (IFOI.K) (BF05.K) (KIN(BFO.M~FOLMK)1 (T)
4Z73NOTE BFO -BASE FRACTION ORDERE
43WNOTE BF01 -BASE FRACTION ORDERED I
43Z5N0TE BF05 -BASE FRACTION ORDERED 5
4331N0TE BF03 -BASE FKATION ORDEREB 3
4375N0TE BF04 -BASE FRACTION ORDERE 4
44KNOTE DT -DELTA TIME
4425A 8FOI&KCLIP(MohBINV.KiRPMK
449NOTE SF01 -BASE FRACTION ORDERE I
4475N0TE BINV -BASE INVENTORY
45N1NOTE RP -BASE REORDER POINT
45M5 DFOZ.KzCLIP(1oIBFOI.Jr1.5)
4559N0TE DFOZ -BASE FRACION OMORE Z
4575NOTE SF01 -BASE FRACTION ORDMRE I

Figure 4-10. Base Inventory Sector Diagram3
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Figure 4-11 illustrates that factor 3 limits the quantity of

parts that are "shipped" to the base to the number of parts that are

available from the Depot. This factor prevents the Depot Inventory

from going negative if a situation should develop in which an order

from the. Base exceeds the current Depot Inventory. Factor 4 is a

function of the Cost of the Economic Order Quantity and the amount

of money that the base has available for the procurement of parts.

This factor"Prevents the base --from ordxling more parts than it can

pay for. The Cost of the Base Economic Order Quantity is equal to

the Base Economic Order Quantity times the Unit Pýrice of the item

being procured. ..
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4675A 1F03.KaftW.(lrtDBIN.KIEOG.K)w (DINV .K-EOQ.K) 4)
471NE P03 NBASE RACTION R= 3
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4810NTE P04 - F-MRTION RE 4
4=TE AP -AS MTY AVAILA•E FOR PROC IENT
4SOI•N)TE CEOD -COST OF L ECOMOIC ODR Q•UTITI4OlS CEOLK=tEOO.KIW(P)

4"WUOTE CEOQ -COST OF LA9 ECONWIC ORDER QUANTITY
OW4YZ51OTE EO0 -BASE ECONONIC ORDER QUANTITY
-W49ITE UP -UNIT PRIC

Figure 4-il1. Base Inventory Sector Diagram4
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Figure 4-12 illustrates that the Base Reorder Point is equal

to either the Base ISSL divided by three or the Normal Reorder point,

whichever is greater (see Chapter III). The Base ISSL was discussed

in the ISSL Development Sector. The Normal Reorder Point is the sum

of the Order and Ship Time Quantity and the Safety Level Quantity.
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BISSL

OSTC

497• RPI:NAX(M(SSSLK3),NRp.K)
51INOTE RI? -ASE REORDER POINT
W.5N)TE BISSK -BASE INITIAL SPARS SUPPORt LIST
S59NOTE W -M REMORDE POINT
5- 0 NRK-OSTQ.K.SLg.K
SINNOTE NOP -NORAL REORDER POINT
5UZ'NOTE OSTO -ORDER AND SHIP TIRE MUAN?!TT
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-,17A • STg.K0(IDR.K) (OST)
5ZNNOTE OSTO -ORDER AMGD SHIP TIHE GUANTITY
5MNCSZ TE DDR -DAIL? DMI•D RATE
5ZSOTE OST -ORDER AND SHIP TINE
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F3iguTE D-1 -DAILY UIMnv PATE

Figur'e 4-12. Base Inventory Sector Diagram5
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The Order and Ship Time Quantity equals the Order and Ship Time

multiplied by the Daily Demand Rate. The Safety Level Quantity is

equal to either C times the square root of three times the Order and

Ship Time Quantity (C t(3)0STQ , or fifteen times the Daily Demand

Rate, whichever is greater. C is a constant determined by Headquarters

United States Air Force that is normally equal to i. The Daily Demand

Rate is discussed in the Daily Demand Rate Adjustment Subsector.

Figure 4-13 "ilustrates how the money that is available for

the procurement of ISSL items flows through the base. As was

BARL DNW.K.BNP.JTI (M.4-B.JK)

j54ZOTE W -M MONE? AVAILABLE FOR PMMT
3451W0TE IT -DELTA TINE
547'5N9E BAR -BWSE PIPWPRIATION RATE
551NOTE MSR -• ,gENDINC RATE
5M MRAZIM.K4
555NTE EAR -W IATION RAMV
5MMIOTE IKR -W. S•fING RATE
56lHRl 6SR.JI=t•PROiL.,.3 {(,.)

,IMOTE iSA -ASE W PENDIUt RATE
56'•TE eR -BASE PtCUS E T RATE
54M7MTE UP -•MIT PRICE

Figure 4-13. Base Inventory Sector Diagram 6
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discussed in Chapter III, this money is generally made available

to the base supply system and seldom presents anything more than a

temporary problem. For this reason, the model was constructed to en-

sure that the base always has adequate funds to purchase ISSL items.

The amount of Money Available for Procurement is a function of the

Base Appropriation Rate and the Base Spending Rate. The Base Appro-

priation Rate was made equal to the Base Spending Rate. The Base

Spending Rate equals the Base Procurement Rate times the Unit Price

of the Item being procured. The Base Procurement Rate was discussed

earlier in this section and 'he Unit Price is a constant that is

peculiar to the item being procured.

This concludes the discussion of the Base Inventory Subsector.

The Daily Demand Rate Adjustment Subsector will be discussed next.

Daily Demand Rate Adjustment Subsector. The variable "'Daily Demand

Rate" is the periodically updated average daily demand for the item

under study. It is the central variable of this subsector. Figure

4-14 illustrates that ii, is controlled by the Daily Demand Rate Ad-

Justment Rate. The Daily Demand Rate Adjustment Rate is, in turn,

controlled by the Daily Demand Rate Adjustment Factor.
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Figur~e 4-14. Base Inventory Sector Diagram?7



Figure 4-15 identifies the five factors that determine the

value of the Daily Demand Rate Adjustment Factor. They are: the

Daily Demand Rate Discrepancy, Base Fraction Ordered factors 1 and

2, Adjustment Rate Factor 1, and Delta Time. The Daily Demand Rate

Discrepancy is the difference between the Daily Demand Rate, which

is an information level that is updated periodically, and the New

Daily Demand Rate which is an auxiliary variable that is updated

continually and will be explained later.
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4651A DORD.X:MEV0W.K-fDR.K
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Figure 4-15. Base Inventory Sector Diagram 8
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Base Fraction Ordered factors 1 and 2 and the Adjustment Rate

Factor 1 are timing factors that permit the adjustment of the Daily

Demand Rate only at specific times and only if certain conditions are

satisfied. Base Fraction Ordered factors 1 and 2 were discussed in

the Base Inventory Subsector. They are used here to limit the adjust-

ment of the Daily Demand Rate to the points in time immediately prior

to the depot filling orders for parts from the base.

Adjustment Rate Factor I allows adjustment of the Daily

Demand Rate only if the magnitude of the adjustment meets certain

criteria that are discussed later in this section. Both the timing

corditions imposed by the Base Fraction Ordered factors and the

magnitude of charge conditions imposed by the Adjustment Rate Factor

must be satisfied before the Daily Demand Rate can be adjusted.

If the baae places an order for parts and the Dail y Demand

Rate is adjusted, the Base Economic Order Quantity and Reorder Point

are immediately revised and the order is filled based on the revised

Economic Order Quantity. Subsequent orders are filled based on the

revised Reorder Point and Economic Order Quantity.

The New Daily Demand Rate in Figure 4-15 is an average Daily

Demand Rate that is updated daily. It is equal to the Cumulative Re-

curring Demand over a given review period divided by tho length of the

review period (REVP), Figure 4-16 illustrates the variables that are

required to make the program properly comute and update the New Daily

Demanld Rate.
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Figure 4~-16. Base Inventory Sector Diagram 9
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The Adjustment Rate Factor I is the final variable that in-

fluences the Daily Demand Rate Adjustment Factor. It is the timing

facbor that determines whether or not the Daily Demand Rate (and thus

the Base Economic Order Quantity and Base Reorder Point) is updated

when the base places an order for parts. Figure 4-17 shows that two

variables act to determine the value of the Adjustment Rate Factor

I. x the Established Base Inventory Level and the absolute value of

"the difference between the Economic Ozder Quantity Derand Level and

the Ystablished Base Inventory Level. If the difference is greater

than the square root of the Established Base Inventory Level, both the

Daily Demand Rate and the Established Base Inventory Level are up-

.dtedl if not, no change is permitted (see Chapter IIl).

A ~73.MIOC MI -flDXiSThE RATE FACTOR I
irnwoi OIS -vo AMOTuE VALUE OF DISC

737WR HIL .ESTPAI. BASE INVNTO&I LEVEL
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745MiTOE EUM~ -M% E0Q MW LEVIELI T47Z~TE Evit -ESTMULSAIE BAM IMUETORY LEME150Al AVfISC,4KISC41t~.K,D-ISC.KI

rMThZNIE AVWISO -AMtUMt VALUE OF DISC
MOE DIXC -01SCWEAX~T

Figure 4-17. Base Inventory Sector Diagram 10
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Figure 4-18 illustrates that the Economic Order Quantity

flemand Level is equal to the sum of the Economic Order Quantity 1,

the Order and Ship Time Quantity 1, and the Safety Level Quantity 1.
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Figure 4-18. Base Inventory Sector Diagram 11
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These three factors are determined in the same manner as the Economic

Order Quantity, the Order and Ship Time Quantity, and the Safety

Level Quantity that were previously discussed in the Inventory Sub-

sector, except that the New Daily Demand Rate, not the Daily Demand

Rate, is used in the calculation.

The Established Base Inventory Level is the second factor

that is used to calculate the discrepancy in Figure 4-17. It serves

1• •as a point of reference for determining when to revise the Daily Demand

Rate. Figure 4-19 illustrates that it is a function of the Establish-

ed Base Inventory Level Adjustment Rate. The adjustment rate is, in

turn, a function of the Adjustment Rate Factor and Delta Time.
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Figure 4-19. Base Inventory Sector Diagram 12



The Adjustment Rate Factor is the amount of the change to be

made in the Established Base Inventory Level at any given point in

time. It is composed of the three elements that are illustrated in

F •igure 4-20. The Adjustment.Timing Factor is the product of Base

Ftection Ordered factors I and 2 and permits the Established Base

Inventory Level to be adjusted only when the base submits an order

for parts from the depot. Adjustment Rate Factor 4 is the value

that the Established Base Inventory Level "should be" at a given

point in time.
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Figure 4-20. Base Inventory Sector Diagmam 13
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Figure 4-21 illustrates that the Adjustment Rate Factor 4 is

a function of three elements: the Established Base Inventory Level,

the Adjusted Base ISSL, and the Adjustment Rate Factor 2. The

equation selects the maximum of the adjusted currently Established

Base Inventory Level or the Adjusted Base ISSL as the desired future

K Established Base Inventory Level.
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eigure 4-21. Base Inventory Sector Diagram 14
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The Adjusted Base ISSL equals the Base ISSL (as discussed in

the ISSL Development Sector) multiplied by the Base Adjustment to the

Base ISSL and the Adjusted Base ISSL Timing Factor. The Base Adjust-

ment to the Base ISSL is a modification to the Base ISSL level that

is jointly determined by the using organization and its parent major

command. The Adjusted Base ISSL Timing FAaCtor determines the point

in time at which the ISSL requirement is levied on the base. It also

removes the ISSL requirement from the base 730 days after the Initial

Opexation Capable Date of the weapon system at that base.

The Adjustment Rate Factor 2 in Figure 4-21 is the numerical

value of the desired change in the- Established Base Inventory Level.

Figure 4-22 illustrates that it is composed of .four factors; Adjust-

ment Rate Factors I and 5, the absolute value of the difference be-

tween the Established Base Inventory Level and the Economic Order

Quantity Demand Level, and the maximum permitted clange. The equa-

tion compares the absolute value of the difference between the Esta-

blished Base Inventory Level and the Economic Order Quantity D.emand

level with the maximum allowable change in the Established Base In-

ventory Level, multiplies this by the Adjutmeent Rate Factor 5 to ob-

tain the proper algebraic sIgn, and firali., -. 'A'hples the change by

the Adjustment Rate Factor I to obtain the proper timing.

The Adjustment Rate Factor 5 establishes the proper sign of

the Adjustment Rate Factor 2. It is a function of the difference

between the Economic Order Quantity Demand level and the Established
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Figure 4-22. Base Inventory Sector Diagram 15

Base Inventory Level. If the demand level is greater than the

established inventory, Adjustment Rate Mactor 5 is positivel if the

demand level is less than the established inventory, Adjustment Rate
Factor 5 is negative. The absolute value of the difference between

the Economic Order Quantity demand level and the established base

level is the mathematical absolute value of the difference. The

maximum allowable change for the Established Base Inventory Level

is equal to the square root of the level at that point in time

(see Chapter III).
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This concludes the discussion of the Base Inventory Sector.

The Depot Inventory Sector is described next.

Depot Inventory Sector

The function of this sector is to briefly describe the

process of acquiring parts and providing them to the Base Inventory

Sector. The sector did not have to be thoroughly developed in order

to accomplish this function and it was designed to satisfy all demands

from the base.

The central variable in the sector is the level of Depot

Inventory. Figure 4-23 illustrates that it is determined entirely

by the Base Procurement Rate (which was described in the Base Inven-

tory Sector) and the Depot Procurement Rate. The Depot Procurement

Rate is a function of the Depot Economic Order Quantity and the Depot

Fraction Ordered.

Figure 4-24 illustrates that the Depot Economic Order Quantity

is a function of the Base Economic Order Quantity. It is the number

of items that the depot orders each time it places an order for the

items under study. It was set to equal five times the Base Economic

Order Quantity in order to ensure that the Depot Inventory Sector

would always be able to satisfy requirements imposed by the base.
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Figure 4-23. Depot Inventory Sector Diagram I.
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Figure 4-.24. Depot tInven~tory Sector Diagram 2
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The Depot Fraction Ordered is the second factor that affects

the Depot Procurement Rate in Figure 4-23. Figure 4-25 illustratesI• that it is composed of three factors: Depot Fraction Ordered factors

"1,2, and 4. Factors I and 2 axe timing factors that "order" parts

for the Depot Inventory when the inventory level reaches the Depot

Reorder Point. The Depot Reorder Point, like the Depot Economic

Order Quantity, was set to equal five times the Base Reorder Point

to ensure that the depot sector could always fill the demands of the

.* base sector.
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Figure 4-25. Depot Inventory Sector Diagram 3
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Figure 4-26 illustrates that the Depot Fraction Ordered

factor 4 is a function of the Cost of the Depot Economic Order

Quantity and the amount of money that the depot has available

for the procurement of spare parts. Factor 4 limits the size of

the owder that the depot places with its vendors to the amount of

0money that it has available to spend. An implicit assumption of

the Depot Fraction Ordered is that the depot's suppliers can

L, always completely fill the depot's orders. The Cost of the Depot

Economic Order Quantity is equal to the Depot Economic Order

Quantity times the Unit Price of the item being procured.
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'igure 4-26. Depot Inventory Sector Diagram 4

"92



Figure 4-27 illustrates the flow of money through the depot

sector. The level of Depot Money Available for Procurement is a

function of the Depot Appropriation Rate and the Depot Spending Rate.

In order to insure that the depot always has adequate funds to pur-

chase parts so that it can meet the base's demands, the Depot Appro-

priation Rate is set to equal the Depot Spending Rate. The Depot

J Spending Rate is a function of the Depot Procurement Rate and the

Unit Price of the items purchased.
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Figure 4-27. Depot Inventory Sector Diagram 5

This concludes the discussion of the Depot Inventory Sector.

The next section discusses the consumption of parts by the base.
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Consumption Sector

This sector discusses the factors that influence the use of

spare parts by the base level organization. The tamber of Ready End

Items is the central variable in this sector. Figure 4-28 illustrates

that the number of Ready End Items is a function of the End Item Re-

pair Rats and the End Item Failure Rate. The End Item Repair Rate is

a function of the Parts Use Rate and the Quantity of Parts per End

Item? the End Item Failure Rate is a function of the Number of Failures

S~of the end item that are due to the component under study. The next

several paragraphs discuss the factors that determine the Parts Use

Rate.
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Figure 4-28. Conswption Sector Diagram I
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Figure 4-.29 illustrates that the Parts Use Fate is a function

of four factors: the Quantity of Parts per End. I tela, the Parts Use

Rate generated by weapon systems at the baze otner than the one under

study, the number of Not Ready End Items due to malfunction of the

component under study, and the Parts Use Rate Factor.
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Figure 4-29. Consumption Sector Diagram 2

The Quantity of Paz-ts jer End Item is a constant that is extracted

from the weapon system provsioning document. It is the quantity

, of the particular part under study that is used each time an end

item is repaý.red. Tne Other arts Use Rate requirement 's the total

demand for the item at the base by all other weapon systems except

the one that requires the ISSL.
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As illustrated in Figure 4-30, the number of Not Ready End

Items is simply the difference between the Number of End Items on

the Base and the number of Ready End Items.

NM
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Figure 4-30. Consumption Sector Diagram 3

Figure 4-31 illustrates that the Parts Use Rate Factor is

a function of three elements* Parts Use Rate Factors 1,2, and 3.

Pauts Use Rate Factor I limits the Parts Use Rate at the base to

the number of parts that are available in the base inventory.

Prts Use Rate Factor 2 is a table function that relates the amount

of emphasis that is placed by the base on the repair of Not Ready

End Items to the number of Not Ready End Items and the Required

:iumber of Ready End Items. This relationship waz developed intul-

tively and is plotted in Figure 4-32. It states that as the, 0.ctual

number -of Ready End Items exceeds the required number of Ready End
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rig±ure 4-31. Consumption Sector Diagram 4
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Items, there is less pressure at the base to repair the defective

items. Conversely, it states that as the number of defective end

items approaches or becomes less than the required number of end

items, there is an increased effort placed on repairing the de-

fective units. Parts Use Rate Factor 3 prevents the Parts Use Rate

from exceeding the Maintenance Repair Capability of the organization

(as determined by unit manning, facilities, tools, etc.).

1.0

~0.5

-12 -10 -8 -6 -4 -2 0 2

Required Number of Ready End Items - Ready End Items

Figure 4-32. Parts Use Rate Factor 2 Graph

Figure 4-33 illmstrates that the Ready End Item Discrepancy

is the difference between the Required Number of Ready End Items and

the actual number of Ready End Items. The Required Number of Ready

End Items is simply the number of end items at the base multiplied

by the Desired Ready Rate. The Desired Ready Rate is the ready rate
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Figure 4-33. Consumption Sector Diagram 5

required by Command Directives as modified by the unit commander's

desires.

This completes the discussion of the factors that influence

the End Item Repair Rate and Parts Use Rate, the left-hand side of

Figure 4-28. The next several paragraphs discuss the End Item

Failure Rate, the right-hand side of Figure 4-28.

It was already stated that the End Item Failure Rate is a

function of the Number of Failures of the end item that are due to
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the component under study. Figure 4-34 illustrates that the Number

of Failures is a function of four factorst the number of Ready End

Items, the timing factor, the End Item Failure Parameter, and a noise

factor.
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Figure 4-34. Consumption Sector Diagram 6

The timing factor is a function of the Initial Operational

Capable Date of the weapon system under study. It prevents the model

from simulating any end item failures before that date, and after that

date it permits the model to simulate the number of failures that are

determined by the other three factors.
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The End Item Failure Parameter is a constant that is depen-

dent on'such factors as weapon system operating environment, use

rate, and mission profile. It was fully discussed in Chapter III.

The noise factor was added to the number of failure equation

to simulate the random fluctuations in the number of failures that

are due to factors that are not considered by the model.

This concludes the discussion of the flow diagrams and

DYNAMO equations that were developed to permit computer simulation

of the ISSL model. The chapter consisted of a variable-by-variable

discussion of all four sectors of the model. It identified all the

variables in the model and discussed the mathematical relationships

among them. Chapter V addresses the validity of these hypothesized

relationships and the parameters that were used to run the model on

the computer.

I
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Chapter V

MODEL VALIDATION

Introduction

In his book Industrial Dynamics Jay Forrester stated that

model validity d... depends on how well it [the model] serves its

purpose [311153.I He continued to say that a model ". . . should

be judged by its suitability for a particular purpose. A model is

sound and defendable if it accomplishes what is expected of it

[z11~5]. 'Therefore, the model which was constructed is valid

if it fulfills the objectives established by the analysts at the

beginning of the research effort.

The importance of establishing objectives in model develop-

ment and validation were stated by Forrester when he said:

the absolute worth of a model can be no greater
than the worth of its objectives.

The value of the objective trancends all other considera-
tions in determining the utility of a model D3:116].

Therefore, the analyst must choose an objective which is significant.

In order to choose a significant objective the analyst must have a

"... keen perception of symptoms [of system behavior3 and, ability

to relate them to the probable causes C3a116]." For this research

effort, the objective of the model was to simulate the process

involved in the development of the initial spares support list (ISSL).
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Through the construction of a valid model which satisfies the

research objectives, the Air Force will be provided with a device

to be used in reaching a decision concerning initial provisioning;

i.e., ISSL quantity decisions.

With the establishment of significant and meaningful

objectives the effectiveness of the model must be established.

Model effectiveness depends " first on the system boundaries

it encompasses, second on the pertinence of selected variables,

and last on the numerical values of the parameters DiI15-i1?]."

In determining the effectiveness of the model, confidence is

developed in the model. This chapter examines the dynamic model

of the ISSL development process tc 4.etermine its validity in terms

of the boundaries established for the system, the interaction of

the variables identified as components of the system, and finally

the results obtained from the values assigned as the model para-

meters.

System Boundaries

Establishing the system boundaries is the . . . first and

most important question about detailed model design . . .*D 17)"

which must be answered. The selection of system boundaries is

directly related to the objectives that are established by the

analyst because they guide the study of the system in question.

Forrester noted the importance of establishing sound system



objectives and boundaries when he said,

* Suitable boundaries are related to objectives.
* . . If the boundaries range unnecessarily far, the model
will be distracting and may lead to such confusion that
the project is abandoned D3117].

Applying these principles delineated by Forrester, the ISSL

development process was conceptualized as being composed of four

interdependent sectors, with each sector consisting of sverav l

variables. The interactivity of the variables and the interdependence

of the sectors was discussed in Chapter III.

The variables within a given sector aggregated information

and resources independent of the activity of another given sector.

Therefore, each sector was free to act upon the information and

resources based upon its own internal decision structure. From

t this independence of action it waa concluded that the system

boundaries were properly conceptualized and established correctly

for the model of the ISSL development process. Once the system

boundaries were established a check had to be performed to ensure

that all pertinent variables and their proper interrelationships

were included as part of the model.

Pertinence of Selected Variables

After establishing the boundaries of the system the next

* step was to identify the variables which interact within these

boundaries to form the model of the system. Forrester pointed out
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the significance of variable identification when he said

The second most important question of model design is
to ask if the model contains an effective choice of variables,
properly interconnected. . . Failure to include the proper
system variables in a model can destroy the utility of the
model as a design tool [3,I18].

In determining and establishing the variables which are contained

within a system the ... most difficult choices will be in the

decision functions of the model [3118J," because these variables

.... exist largely within the information networks where policies

are informal [3•118]." Hence, the model was constructed from

the interacting variables, which were derived from the current

information policies.

For the most part the current policy guidance was contained

in the assorted Department of Defense; Headquarters, Air Force, and

Headquarters, Air Force Logistics Command directives and regulations

governing the actions and activities which comprise the initial

spares support list development process. Thus, the variables which

form the formal portion of the ISSL development process were some-

what easily discerned. However, in order for the model to accurately

replicate the current system's structure the informal policy vari-

ables had to be included a" vel!;

The iuformal policy variables were discerned from interviews

with specialists responsible for the computations and adjustments

made to the range and depth of support/replacement items included on

the ISSL. These informal policy variables were combined with the
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formal policy variables and together they made up the causal-loop

diagrams discussed in chapter M.I From the research into the

formal and informal policy formulation process the relationships

that exist between the variables in each sector and the interde-

pendence between the sectors were identified. This research into

the variables also revealed that the model did conform to the

actions and activities which combine to form the initial spares

support list (ISSL) development process.

With the system bo~undaries established and the interacting

variables identified the next action was to test the interaction

of the variables to verify the resonableness of the model. Prior

to testing the variable interaction values were assigned to Initiate

model activity.

Parameter Values

Having determined that the system boundaries were properly

established and that all pertinent variables had been captured by

these boundaries it was time to parform the third model validity

S~check, which was to assign numerical values to the pa•'a"-ters within

S~which the model will operate. The assignment of these parameter

val!ues was also discussed by Forrester when he said

The third and least important aspect of a model to be
considered in judging its validity concerns the values for
its parameters... They may be chosen anhere within a
plausible rabge aDt119c.
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Forrester considered the parameters chosen for the numerical values

of the variables to be least important because of the sensitivity

of the variables. Forrester noted that a few variables will be

insensitive to the values assigned; however, a "... few sensi-

tive parameters will be identified by model tests. . . :119."

Since this research effort was directed towards the

development of a model of initial spares support for new items

coming into the Air Force inventory, standard values were assigned

to many of the variables. For the most part these standard values

axe contained within the governing directives and regulations.

These standard values are applicable to the ISSL Development Sector

and are used in conjunction with the computation parameters

established by the equipment specialist to determine the initial

spare/replacement parts quantity level.

The other parameters that have an impact on the variables

which make up the ISSL development process are those established

by the using Major Command. The using command establishes the number

of end items to be assigned to the base and the mission profiles

for the end item which are the parameters with the greatest impact

on the remaining three sectors of Base Inventory, Depot Inventory,

and Consumption, as the demand levels for the spare/replacement

parts are projected based on anticipated end item usage.

With the three phases of model validity established by

Forrester satisfied, the remaining task was to reproduce system
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behavior by simulation. The --ýproduction of system behavior

through model simulation is the subject of the final section of

this chapter,

Reproducing System Behavior

The true test of how well the analyst designed his model

to represent the aystem under study is demonstrated when the model

is utilized. Once again it was Forrester who provided the insight

into the importance of the model duplicating the system when he said

the model

s, Jld generate time patterns of behavior that do
not differ in any significant way (judged within the framework
of the '?jectives of the study) from the real system. . . . the
more ir•1stinguishable the over-all iodel performance is from
a typical history of the actual system, the better our confidence
in the model is apt to be [t119],

Using these guidelines i'ý was assumed that the vaiue of the ISSL

development process model would be shown in the modell'i ability to

represent the behavior of the real system.

In order to verify the r.)del'. ability to simulate the

performance of the ISSL development process, a hypothetical situation

was created. Input values were developed based on information obtain-

ed during the research effort. These values were Input into the

model, and the model was run on the computer. The results of the

simulation for selected variables ave shown in the following figures.

Figure 5-i illustrates the model's ability to generate the

Base Inventory level pattern that is consistent with the Parts Use
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Figure 5-2 illustrates the model's capability to simulate

the adjustmern of the Esablished Base Inventory Level. The

Established Base Inventory Level is adjusted when orders are placed

until the level reaches a value that is in equilibrium with the

"Parts Use Rate. As was discussed in Chapters III and IV, adjustments

can be made to the Base Inventory level only if the magnitude of the

adjustment meets certain criteria that are specified in Air Force

dizectIves.

t250_______

T1*r-4

50 100 200 250
Time (Days)

Figu~re 5-3. Simulation Results Graph 3
Figure 5-) iustiates that the model simul tes the adjust-

ments of the Worldwide ISSL level at the Worldwide ISSL Review

Time. At the review time the Worldwide ISSL level is adjusted, if

required, to make it consistent with actual parts consumption data

that has been generated by using organizations.

During the course of research into the validity of the

model, varying lengths of simulation and different parameter values

were input into the system. In all cases similar results were
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obtained. Thus the model demonstrated its ability to stabilize and

adjust quantity levels based on actual demand generated from actual

parts use rate. Therefore, it was conclt'ded that the system bound-

aries were properly established, the pertinent variables had been

included in the model design, and the numerical values assigned as

the variable parameters were accurate. Since all three validity

factors were satisfied, the model appears to be valid and capable of

reproducing expected system behavior.

The foregoing served to verify the internal validity of the

model; i.e., it demonstrated to the authors that the model simulates

the behavior of the ISSL development process as they conceptualized

the system to be. Verification of the external validity of the

model, i. e., that the model actually simulates the behavior of the

real-world system, requires the input of actual historical data.

A summary of the ressarch effort, recommendations for further

study, and the conclusions that were drawn from the research project

are the subjects of the next chapter.
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Chapter VI

SUMMARY, RECOMMNDATIONS, AND CONCLUSIONS

Six objectives were established at the beginning of this

project. A summary of the research effort is presented by addressing

how well each of the objectives was accomplished. The summary is

followed by recommendations for further study and the conclusions

that were reached as a result of the study.

summary

Dynamic Interrelationships. The first objective of this research

was to determine pertinent dynamic interrelationships that comprise

the ISSL development process. This was a three step process that

involved setting the boundaries of the system, identifying pertinent

variables, and determining the relationships among them. This was

successfully accomplished and permitted investigation of the cause

and effect relationships.

Cause and Effect. The second research objective was to trace the

cause and effect of the relationships among the variables of the

system. Causal loop analysis, as described in Chapters II and III,

was used to logically investigate the specific nature of the rela-

tionships of the ISSL development process. This analysis led to in-

vestigation of the system's control process.
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Control Process Formulation. Description of how decisions resulted

from available information streams, through formulation of the

control process of the system was the third research objective.

This objective was accomplished by creating the sector flow

diagrams that were presented in Chapter IV. The flow diagrams

formally identified the decision points, information flows, and

* resource flows within the ISSL development process. Completion of

Sthe system flow diagrams permitted the construction of a mathematical

model of the system.

Construction of the Mathematical Model. The fourth research objective

was to construct a mathematical model of the ISSL development process.

The DYWANO simulation language was used as the framework for model

construction. The model was completed using the flow diagrams that

were presented in Chapter IV as an outline. Parameters were extracted

from currently available data sources or intuitively developed. Com-

pletion of the mathematical model made it possible to simulate the

behavior of the hypothetical ISSL development process.

Simulation of Behavior. The fifth objective of the research was to

operate the model. Each operation of the model generated one simula-

tion of the system. Numerous simulations were accomplished and, after

each simulation, the model behavior was analyzed to determine if the

expected behavior was present. If, in fact, it was not, the model
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was analyzed to determine the cause of the unexpected behavior.

Once the cause was discovered, the model was modified and the simu-

lation repeated. This iterative process led to internal validation

of the model.

Validation Testing. The final objective of the research was to

test the validity of the model with historical data. As outlined

in Chapter V, validation is twofold: internal and external. The

internal validity of the model was demonstrated by the system

behavior patterns that the model generated for the values of the

parameters that were used during numerous simulations. External

validation of the model was prevented due to a lack of historical

parts consumption data and the inability to measure the human factors

that influence the inputs to the ISSL development process. Until

this information is developed, full model validation is impossible.

Partly as a result of this inability to externally validate the

model, recommendations for further study have been formulated.

Recommendations for Further Study

The authors feel that four areas need further research.

First, the model that was developed in the project needs to be

externally validated. Real world data needs to be collected, insert-

ed into the model, and the model run to ensure that it indeed

accurately simulates the behavior of the ISSL development process.
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During the course of the research project, it was discovered

that ISSL reviews are kept to an absolute mtiaimum and that the

accuracy of the actual parts consumption data that is available

for use during these ISSL review meetings is, at best, questionable.

The second recommendation is that the model be used to investigate

the effectiveness of various ISSL review policies and to determine

the sensitivity of the system to the inaccurate data that is used in

the ISSL review process.

Also discovered during the course of the research was the

fact that the base level ISSL is prorated from the worldwide ISSL

based on the fraction of the total number of end items that the

base receives and the projected end item use rate. No consideration

is given to the different environmental conditions that exist at

different bases. By not considering the end item operating environ-

ment, one base may be overstocked with an item whereas another base

may be understocked. This leads to the third recommendation: the

model should be used to investigate the effects of considering

environmental variables on the effectiveness of the base level ISSL.

The last recommendation follows from the stock level im-

balances that were just described. It is more general and is

beyond the scope of the present model. The authors recommend that

other ISSL distribution policies be investigated. During the course

of the research, three options were discussed with various AFLC offi-

cials, contractor provided support, regional ISSLs, and centralized

support.
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Under the contractor provided support option, the contractor

would provide the initial support for an end item for a designated

period of time. Then, based on actual parts consumption data, the

stock levels required for system support would be determined. By

using actual data, predicting future needs for support becomes more

precise and funds for procurement can be spent more effectively and

efficiently. Also, more accurate ISSLs could be developed that

would provide better support to base level units.

The regional ISSL concept would be predicated on the antici-

pated operating environment in the area that the weapon system is

to be employed. Under this concept the effect of different environ-

ments on end item failure rates would have to be determined and the

projected support requirements for each environment calculated.

To illustrate this point, tests might show that more failures occur

in a hot, humid environment than in a more temperate environment;

thus, more parts would be required in the hot, humid region.

Under this concept, a larger portion of the worldwide ISSL would

be given to bases in the hot, humid areas than in the temperate

areas. Prior to adopting this concept, the costs of conducting

the environmental tests should be compared to the anticipated

benefits of the concept; however, the regional concept has the poten-

tial of providing more effective and efficient ISSLs.

The centralized support concept is an extention of the

regional ISSL concept. Under this concept, a single base within a
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given region would be designated as the central supply point for

system support. This base would maintain the ISSL inventory for

the region and would ship items to customer bases on an as-required

basis. This procedure would have the effect of smoothing demand

and would improve efficiency by minimizing the problem of one base

being "overstocked" while another was "understocked.'

Conclusions

Two conclusions can be drawn from this project. First, it

is possible to develop a mathematical model that simulates the

management and decision structures that constitute the ISSL develop-

ment process. If this model is validated with real world data, it

could become a very useful tool for improving the ISSL development

process.

The second conclusion is that the present ISSL development

process is not efficiently supporting Air Force weapon systems. In

many cases too many, too few, or the incorrect spare parts are

procured. This results in either needless expenditure of funds or

unnecessary equipment down time. There appear to be two reasons

for this inefficiency.

The first reason is that AFLO is using a piecemeal approach

for providing end item support, While all parties involved seek to

provide adequate support, there is no one person who oversees the

entire process. For example, all of the inventory management
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specialists that were interviewed were knowledgable in their own

individual areas and had a working knowledge of an Air Logistics

Center, but none of them had a complete picture of ISSL development.

A second reason for the inefficiency appears to be an over

dependence on the computer. While the computer does provide a

valuable service in management, care must be taken to make sure

that the managers understand and maintain control over their system.

The analysts discovered two cases in which the computer is "control-

ling" the managers. First, AFLC has developed a program to provide

the headquarters with information about parts use rates so that ISSL

levels can be adjusted. This program is not working because of a

computer interface problem that requires manual recoding of data.

Because the managers in the ALCs do not have the time to recode the

data, i.e., to properly "feed" the computer, the data is lost, and

the program thus far has not worked. The second case that the

analysts discovered was in the local base supply activity. The

managers that were interviewed there relied entirely on the computer

to calculate their reorder points and reorder quanties; they had no

idea what kind of calculations the computer used to determine the

numbers that they use to manage their system.

If a manager is to make his organization both effective and

efficient, he must be able to control it. In order for him to

control his organization, he must be aware of the variables that

influence the behavior of his system and he must understand how



those variables interact to produce the behavior of the system.

Perhaps the greatest value of the model that was developed for

this project is that it can provide a means to gain that under-

standing for the complex set of interactions that make up the ISSL

development process.
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APPENDIX A
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7SC VARIABLE LIST FA THE ISS. DEVELOP E, SECTOR
Ig9C
0Z•C ABISSL ADJUSTED BASE ISSL
5I5C BIAR BASE I15L ADJUSTMENT RATE

17%S( BISSL BASE ISSL
26.C BISSL. BASE [S61 DISCPEPANCT
22SC BRC BASE REPAIR CYCLE
258C 9,ST BASE ORDER AND SHIP TIME
275C CP CONDEMNATION PERCENT
3SHC DFTRP DEPOT REPLACEMENT PERCENT
,35C OT DELTA TINE
35#C FEIB FRACTION OF END ITEMS O BASE
376C IFOB INPUT FRON OTHER BASES
OOC INISSL INITIAL VORLWI1DE ISL,
425C NEIB NUMBER OF END IT61S ON BASE
4S#C NEUDOR •NE DAILY DENAND RATE
475C NOISEZ NOISE 2
SNC OST ORDER AND SHIP TIME
525C OSTR ORDER AND SHIP TIME REQUIREMENT
55BC PNP PEAK NONTH PROCRAN
375C PTNDOI PEAK TOTAL HONTH DEPOT OVERHAUL ISSUES
601C PTMDRI PEAK TOTAL MONTH LEMAND RATE ISSUES
-50C PTNFL PEAK TOTAL MONTH FIELD ISSUES
656C OPEl OUANTITY OF PARTS PER END ITEM
675C RCR REPAIR CICLF REQUIREMENT
7##c RP BASE REORDER POINT
7Z50. SNDR SMOOTHED MONTHLY DEMAND RATE
750C SP SMOOTHINC PERIOD
775C TODNF TOTAL DEMAND RATE MAINTENANCE FACTOR

010C TIME lIRE
W25C TNEI TOTAL NUMBER OF END ITEMS

859C WIAR VORLDVIDE ISSL ADJUSTMENT RATE
,75C WIARFI WRLDWIDE ISSL ADJUSTMENT RATE FACTOR I
560UC WIARFZ VORLOIIDE 1SSL ADJUSTMENT RATE FACTOR 2
925C 9101 WORLDOIDE ISSL DISCREPANCY I
951C 4IOZ VORLDVIDE ISSL DISCREPANCY 2
97XC NISSL VORLDRIDE ISSL
1800C UTFI IORLOIIDE ISSL TININ FACTOR I
1825C 4TFl WORLDIDE ISSL TININC FACTOR 2
li03C RTF3 11ORLDUIDE ISSL TIMING FACTOR 3
1T75C VREVT WORLDWIDE ISSL REVIEW TIME
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BASE INVMNCRY SUBSECTOR FLOW DIAGR~AM AND VARIABLE LIST
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SiC
75C VARIABLE LIST FOR THE BASE INVENTORY SUBSECTOR
finc
125C BAR BASE APPROPRIATION RATE
151C BFO BASE FRACTION ORDERED
175C 8FOI BASE FRACTION ORDERED 1
WC SF02 BASE FRACTION ORDERED 2

2215C SF03 BASE FRACTION ORDERED 3
251C BF04 BASE FRACTION ORDERED 4
275C BFO5 BASE FRACTION ORDERED 5
3#C BINV BASE INVENTORY
32,= DISK BASE ISSL
3W BMAP BASE MONEY AVAILABLE FOR PROCUREMENT
375C BPROCR BASE PROCUREMENT RATE
411 BSR BASE SPENDINC RATE
423C C CONSTANT
45#C CEOQ COST OF BASE ECONONIC ORDER QUANTITY
475C DDR DAILY DEMAND RATE
5##C DDRAF DAILY DENAND RATE ADJUSTMENT FACTOR
525C DINY DEPOT INVENTORY
5iC DT .E.TA TINE

575C EOQ BASE ECONOHIC ORODR QUANTITY
W5K NRP NORMAL REORDER POINT

625C OST ORDER AND SHIP TIME
65C OSTQ ORDER AND SHIP TIME QUANTITY
475C PUSER RTt USE RATE
7#1C RP BASE REORDER POINT
725C SLQ SAFETY LEVEL QUANTITY
715C UP UNIT PRICE
77SC 'JSO VARIABLE STOWCE OBJECTIVE
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APPENDIX C

DAILY DEMAND RATE ADJUSTMENT SUBSECTOR FLOW DIAGRAM AND VARIABLE LIST
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SIC
75C VARIABLE LIST FOR THE DAILY DEMAND RATE ADJUSTMENT SUBSECTOR
1i.
IZSC ABISSL ADJUSTED BASE ISSL
151C ABTF AD4USTED BASE ISSL TIMING FACTOR
175C ABTFST ARTF STEP TIRE
2#IC ARF ADJUSTMENT RATE FACTOR
225C ARFI ADJUSTMENT RATE FACTOR I
:25K ARF2 ADJUSTMENT RATE FACTOR 2
275C ARF4 ADJUSTMENT RATE FACTOR 4
316C ARF5 ADJUSTMENT RATE FACTOR 5
3M5C ATF ADJUSTMENT TIMING FACTOR
351C AVDISC ABSOLUTE VALUE OF DISC
375C BAD BASE ADJUSTMENT TO THE BASE ISSL
4#iC BFOl BASE FRACTION ORDERED I
425C BFOZ RASE FRACTION ORDERED 2
4516C DISSL BASE ISSL
475C C CONSTANT
5##C CR0 CUMULATIVE RECURRING DEMAND
523C CRD1 CUMULATIVE RECURRING DEMAND 1
550C DDR DAILY DEMAND RATE
575C DDRAF DAILY DEMAND RATE ADJUSTMENT FACTOR
6WC ODRAR DAILY DEMAND RATE ADJUSTMENT RATE
625C DORD DAILY DEMAND RATE DISCREPANCY
65Kc DISC DISCREPANCY
675C DT DELTA TIME
7##C EBIL ESTABLISHED BASE INVENTORY LEVEL
7Z5C ED ILAR EDIL ADJUSTMENT RATE
7501C EgO BASE ECONOMIC ORDER GUANTIT:
775C EODOL BASE EDO DEMAND LEVEL
OIIC £01 BASE ECONOMIC ORfER OUANTTY
023C IOCD INITIAL OPERATION CAPABLE DATE
$SIC HAICK MAXIMUM CHANGE
DISC MDAYSI NUMBER OF DAYS ,
"#uIC NDAYST\NUMBER OF DAYS Z
925C NEIIDDR *1 DAILY DEMAND RATE
99C OST 'MO SHIP TIME
975C OSTO R AN' SHIP TINE QUANTITY
SIM OSTO T 4AN SHIP TINE QUAHNTIT I
1125C PUSER PART RATE
SISC REVP gfflf• PERIOD
1#75C SLO SA•fT LEVEL 0WANT~ll

IltI SL~t .Sk"ETY LEVEL QUANTITT I
11M• TINE T 14

tt 1K UP 111T PRICE
it75C VSO 4ARIABLE STOM-E OBJECTIVE
SIM29



APPENDIX D

DEPOT INVENTORY SECTOR FLOW DIAGRAM AND VARIABLE LIST
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sic
75C VARIABLE LIST FOR THE DEPOT INVENTORY SECTOR
111c
125C OF03 BASE FRACTION ORDERED 3
151C BPROCR BASE PROCUREMENT RATE
173C CDEOQ COST OF DEPOT ECONOMIC ORDER QUANTITY
ZIC OAR DEPOT APPROPRIATION RATE
2:5C DEOQ DEPOT ECONOHIC ORDER QUANTITY
251C OFO DEPOT FRACTION ORDERED
27C DFO1 DEPOT FRACTION ORDERED I
391C DFOZ DEPOT FRACTION ORDERED Z
323C DF04 DEPOT FRACTION ORDERED 4

* 356C DINV DEPOT INVENTORY
3715C DHAP DEPOT HONEY AVAILABLE FOR PROCUREMENT
411C DPROCR DEPOT PROCUREMENT RATE
425C ORP DEPOT REORDER POINT
459C DSR DEPOT SPENDING RATE
475C 6T DELTA TIME
WUIC E04 BASE ECONOMIC ORDER QUANTITY
525C RP BASE REORDER POINT
551C UP UNIT PRICE
575C
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APPENDIX E

CONSUMPTION SECTOR FLOW DIAGRAM AND VARIABLE LIST
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75C VARIABLE LIST FOR THE CONSURPTION SECTOR

IZ=C BINY BASE INVENTORY
151C CD COMMAND DIRECTIVES
175C CR01 CUMULATIVE RECURRING DEMfAND 1
200C MR DESIRED READY RATE
,15C EIFP • END ITEM FAILURE PARAMETER
250C EIFR END ITEM FAILURE RATE
275C EIRR END ITEM REPAIR RATE
3W IOCD INITIAL OPERATION CAPABLE DATE
3Z5C NRC ifAINrENAKE REPAIR CAPABILITY
S30C NEI8 NUMBER OF END ITEMS ON BASE

375C KOF NUMBER OF FAILURES
4W NOFTF 00N•R OF FAILURES TIRIING FACTOR
425C NOISEI NOISE I
4•iC NREI NOT REAP! END ITFI~S
475C OPUR OTHFR PARTS USE RATE
S-M PURFI PARTS USE RATE FRACTION I
"S"C PURFZ PARTS USE RATE FRACTION 2
-51C PURF3 PARTS USE RATE FRACTION 3
575C PUSER KR'IS USE RATE

U6C PUSERF PARTS USE RATE FRACTION
6MS QPEI 41AX-TTYT OF PARTS FRER N ITElI
65,c REt RE ADY EN ITEMS
,75C REID READI END ITEM B|•REPANCT

711C R.REI REQUIRED NUMBER OlF READY ERB ITEMS
725C vCD VIRG CmtmtA lS DESIRES
75#C
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234 A DYNAMIIC MODEL. OF THlE 1531. DEVEI.OPNEIII PROCWS
SONOTE
75NOTE
I9SNOTE ISSI DEYELOPHENT SECTOR
125NOTE

1?.5NOTE OT -DELTA TIME
a256NOTE IIIAR IIO1WIIDE ISSL ADJUSTOEV RATE

27511 VIAR.KL--UIARFL.K+I4IARF'2.K
30DNOTE VIAR -IORLDVIDE I$SSI AD"ISTMENT RATE
32500TE VIARF1 -NORLDVIDE ISSL ADJUTHENT RATE FACTOR I
350NOTE VIARF? -UORLDWIDE 1611. ADJUJSTMENT RWE FACTOR 2
375A VIARFI.Ka (9111.0KITFI.K) .U031KI(I/DT)
4SINTE VIARF*? -VORIDNIIE 18%1 AJULSTNENT RATE FACTOR 1
0ZNOTE VIDl -VORWIIDE 1551 DISCRE"ANCT I
45MNTE hfFt -VORLVIDE ML51 TININO FACTOR I
475NOTE W F3 -VORLDIDE 1551. TIRINC FACTOR 3
511NOTE OT -DELTA TINE
525A VID1.K=INIS8L.K-V1SSL.K
556NOTE 9191 -VORLDVIDE 1551. DISCREPANC! I

575NOTE IVISSL -INITIAL VORLDVIDE 1551.
t 611NOTE VISSL *VORLDWIDE 1551.

625A ITFI .K=CLIP(lv I TINE.KtURE VT)
650NOTE VTFl -MORLDI4IDE 1651. TIRING FACTOR I
675NOTE TINE -TIRE
701NOTE UREYT -VORLDWIDE 1551. REVIEN TINEI 725A VTFZ.K:mLIPt4,1MTFt.Ktl.5)
751NOTE OTF2 -NORIDNIDE IM51 TIRING FACTOR I
775NOTE VTFl -VORLOVIDE ISSL TIMING FACTOR I
801L VTF3.K-,CLIP(9,1 vVTFZ.Jt$.5)
025NOTE 4T73 -VORLDVIfDE 1531. TIRING FPCTOR 3
85ONOTE VTFZ -VORLDIDE ISSI. TIMING FACTOR 2
815A VIARF2.K=(9IIO.K) (VTF2IKl (14TF3.X) (1/UT)
90INOTE VIARFZ -NOUORLD~E ISSL AD4JUSTMENT RATE FACTOR Z
925NOTE VIDZ -VORLDNIDE 1551. DISCREPANCY Z
95UNOTE WTF2 -UORLDVlDE 1531. TIMING FACTOR Z
975NOTE VTF3 -VORLDVIDE IXS TIMING FACTOR 3
1SJINOTE DT -DELTA TINE
1125A UIDZKa(IFOLKX+SNDR.K-HISS.K) (NOISEZ.K)
MSINOTE WiDt -VORLBVIDE ISMI DISCREPANCY 2
t#I73NOTE IFOB -INPUT FROM OTHER BASES
IIIINOTE MND -SMOOTHED NUiTHLY DEMAND RATE
1125NOTE V!SSL -VORLUHIDE 1551.
I 01NOTE NOISE? -NOISE 2
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1175A SNDR.Ks(30) (SNOOTH(NEUDnR.K SP))
IZ06NOTE SHUR -SHOOTPED PONTHLY DEMAND RATE
1ZZ5NOTE NKDDR -NEUS DAILY DEMAND RATE
IZN5)TE -SUiOTHING PERIOD
iZ75A IFO3.K=SNOR.KIFEILH)-SNDR.K
I39"OTE IFOB -'•tPT FRON OTHER EASES
132U5OTE SHDR -SMOOTHED MONTHLT DEMAND RATE
1r haOti FEIB -FRACTION OF END ITELS ON BASE
1375A FEl0.K:=EI8/TNEI
"4iRHDYE FE18 -FRACTION OF FW ITEMS ON BASE
W4M.'OTE NEIR -NUMBER OF END ITEMS ON BASE

1450OMTE ThEI -TOTAL NUMBER OF END ITEMS

ISEJNOTE NOISE( -NOISE 2
1525A INI$SL.K:OSTR.XKRCR.(
I55•INOTE IHISSL -INITIAL WORLDNIDE ISSL
157.MOTE OSTR -ORDER AND SHIP IHE REQUIREMENF
WI6NOTE RIR -REPAIR CYCLE REQUIREMENT

1625A OSTR.K(BMOST.K) (PTNFI.K) (CPK)
165MiOTE OSTR -ORDER AND SHIP TIME REQUIREMENT
1675NOTE BOST -BASE ORDER AND SHIP TIME

N1711OTE PTKFI -PEAK TOTAL WCITH FIELD ISSUES
I725NOTE CP -CONDEMNATION PERCENT
175IA 8OSTK=OSTI31 MONTHS
I775NOTE BOST -BASE ORDER AND SHIP TIE
lEBJNOTE CST -ORDER AND SHIP TIRE
1825A RtCR.K=4ERC.K) (PTNFI .K) lfT 9-CP.K)
ISSNOTE RCR -REPAIR CYCLE REQUIREMENT
1075NOTE BRC -BASE REPAIR CYCLE
19. iOTE PTWF! -PEAK TOTAL MONTH FIELD ISSUES
195NOTE CP -CONDEMNATION PERCT
1931A PTHFI.KzPTMDRI.K-PTHDOI.K
I9IMNOTE PhFI -PEAK TOTAL MONTH FIELD ISSUES
2?WiNOTE PTHDRI -'AX TOTAL MONTH OEMAND RATE ISSUES
BZMSOWE PTFDOI -PXK TOTAL MONTH DEPOT OERHIAUL IL'RIES
2156A PTNDOI.K (iEPRP.K) (OPEl) (PKP.K)
SI2TNOTE PTKDOI -PEAK TOTAL MONTH DEPOT OVERHAUL ISSUES
,IIfNOTE OEPWP -DEPOT REPLACEMENT PERCENT
"I2SNOTE WPEI -WUANTITT OF PARTS PER END ITEM
215#nxT P"P -PEW NOWT PROMRA
27ZlA PTNDRI.Kt(TOWF.K) (QPEl) (PHP.K)
?ZUiOTE PTNDRI -PEAK TOTAL NONTH DE "MD RATE ISSUES
t225NOTE TDRMF -TOTAL DEMAND RATE MAINTENANCE FACTOR
225mOTE OPEI -40ANTITT OF PARTS PER END ITER
2Z19OTE Ph? -PEAK MONTH PRORAM
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23191. 9ISSL.K%8ISSL.J+(DT) WBAR.Xl)
kZ315NOTE PISSL -BASE IS81%

23590TZe PT -DELTA TIRE
23MMOTE DIAR -BASE 1531. ADJUISTHENT RT
241ft BlAR.r0138ISSD.K
2425VATE DIAR -BASE 1381. ADJUSTMN~fT RATE
145696TE BISSID -MAS 151ISS CRIePAICT
2475A 8I0SB~ka1VSSL.K) EIB.Ki q1SL.K
251W8TE BISML -BASE ISSL 411SCREPANCT

.1-2*' Z5Z1TE VUSSL -NORWI1DE 1531.
155690TE P-19 -PRACTIO4 OF END 1TEN ON BASE
2575NOTE 168SL -BASE 1551.
26UN 8!.SSt=&1SL1
WR5OTE 0W.S -BASE 1351.
U510TE sisal. -BASE 1581. (INITIAL)
1675C sISSLI.i,
M1UOVE IIISSLI -BASE 1881. (INITIAL)

2713C IE!BatU
U7SINOTE NEIS -MDBR OF END ITEMtS 09 BAISE
2773C TWEInz5U
ZWflNOTE TEIE -TOTAL NIJIER OF END ITEMS
289Z5 UISSLZVISstl
ZIOUTE VISSL -VONLVIDE. 1551.
Z975N0TE V11551. -408LDIDE ISSI. (INITIAL)
291K UREYT22H
191UITE URET -IW"DIDE ISSI. REVIEM TIRE
t2soW U[SSLI5sk
Z975NOTE IJISSLI -VORLONIDE ISSI. (INITIAL)

3UZSNOTE UTF3 -UOMDIDE ISSI. TIRNJC FACTOR 3
M5W SPa91
3#75NOTE SP -SWOT1UNG PERIOD
31WC OSTIZ DAYS
W51SNTE lIST -OME AND SHIP TINEfu~~ 315P TDWN.KsTDRflFI
317W.Tc~ TOWI -TOTAL MUKAD RATE KAINTENANCE FACTORq
~4L4OTE TOWIF -TORNF (INITIAL)t ~SUSC TOWIaIl.1
3ZSNOTE TORJIFI -TOWU (INITIAL)

S 3U51PiIP.KxPdPI
33fNOTE PffP -PEAK( NORTHI PROCW
33VMNTE PNPI -PKP 41111TIAL)I 3351C P"tPI43
33TS5OTE PAP[ -Wt4 (INITIAL)

3425N0E DEP -DEPOT REPLACIRENT PERCENT
3ISUNTE DEPI1 -DEPOT 0A~ACEIINT PERCET (INITIAL)
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3475C DEPRPI=f
35UNOTE DEPRPI -DEPOT REPLACEMENT PERCENT (INITIAL)
3525A CP9,:CPI
S3551NOTE CP -CONDEMNATION PERCENT
3573NOTE CPI -CONDEMNATION PERCENT (INITIAL)
3699C CPI=I.o
36t5NOTE CPI -CONDEMNATION PERCENT (INITIAL)
3651A BRC.K=BRCI
3675NOTE BRC -BASE REPAIR CYCLE
371TNOTE BRCI -BASE REPAIR CYCLE (INITIAL)'
3725C BRCI=4
375iNOTE ERCI -BASE REPAIR CYCLE (INITIAL)
3775NOTE
38IiNOTE
38ZSNOTE BASE INVENTORY SECTOR
3S58N0TE (INVENTORY SUSSECTOR)
3875NOTE
391ONOTE
395L DINV.K:BINV.J+IBT)(BPROCR.J-PUSER.JK)
3951NOTE RINV -BASE INVENTORY
3975NOTE DPROCR -BASE PROCUREMlENT RATE
4NUOTE PUSER -PARTS USE RATE
4it5R BFROCR.KL:(EOQ,K) (BF0.K)
"4119NOTE SPROCR -BASE PROCURENENT RATE
417500TE EOQ -BASE ECONOMIC ORDER QUANTITY
411NOTE SF0 -BASE FRACTION ORDERED
41Z•A EOQ,Kz((4.4) (S4RT((DDR.K) (VSO) (UPI)),/(UP
41SINOTE EDO -BASE ECONOMIC ORDER QUANTITY
417STOTE BOR -AILT DEMAND RATE
4211#OTE S -VARIABLE STOCKAW E OBJECTIVE

k 4ZZ5NOTE UP -UNIT PRICE
4259A IFO.K=(BFOI.K)(BFOS.K)(NIN(BFO3.K•BFO4.K))(I/DT)
4Z75NOTE BF0 -BASE FRACTION ORDERED
4311NOTE SF01 -BASE FRACTION ORDERED I
4325N0TE OF05 -BASE FRACTION ORDERED 5
435;HOTE BF03 -BASE FRACTION ORDERED 3
431,N)TE SF04 -BASE FRACTION ORDERED 4
44iINOTE BT -DELTA TIRE
4425A BFO .XcCLIPI9, 1,9INV.KRP.K)
4451NOTE SF01 -BASF FRACTION ORDERED I
44759OTE lIKV -BSE INVENTORY
4SiINOTE RP -BASE REORDER POWT
4525L SFOZ,.KCLIP(##,BFOl.J,9.5)
455NOTE SFOZ -BASE FRACTION ORDERED 2
as457SOTE BFo0 -BASE FRACTION UEDRED I
440lL BFO5.KcCLIP (ho!FOZ.J,9.5)
4625NOTE RFO -BASE FRACTION ORDEKR0 5
4SOTE 8F0? -VASE FRACTION OWDEE 2
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4675A BF03,K:CLIP(li (OINV.K/EOQoK), (DINV.K-EOQ.K) ,•)
479NNOTE BF03 -BASE FRACTION ORDERED 3
47Z5NOTE DINY -DEPOT INVENTORY
4759NOTE EON -BASE ECONONIC ORDER QUANTITY
4775A BFO4,KzCLIP(lI (BfAP.K/CEOQ.K) w i(BAP.K-CEOQ.K) f,)
48UNOTE BFQ4 -BASE FRACTION ORDERED 4
48Z5NO#'E SNAP -BASE MONEY AVAILABLE FOR PROCUREMENT
4859NOTE CEGC -CO$T OF BASE ECONOMIC ORDER QUANTITY
4875A CEOQ.Kz(EOQP) (UP)
49?1NOTE CEOG -COST OF BASE ECONOMIC ORDER QUANTITY
49Z15OTE EDO -BASE ECON4OIC ORDER QUANTITY
4950NOTE UP -UNIT PRICE
4975A RP.K:zN I(BISSL.K/3),NRP.K)
59IINOTE RP -BASE REORDER POINT
5flSNOTE BISSL -BASE INITIAL SPARES SUPPORT LIST
5ISINOTE NRP -NORMAL REORDER POINT
5175A KRPK=OSTQ.KX+SLQ.K
5191NOTE NRP -NORMAL REORDER POINT
5125NOTE OSTO -ORDER AND SHIP TIME QUANTITY
5ISONOTE SLO -SAFETY LEVEL QUANTITY
5175A OSTQ.K:(DIDR.K) OST)
5ZHKOTE OSTO -ORDER AND SHIP TINE QUANTITY
SZZSNOTE DDR -DAILY DEMAND RATE
5Z5INOTE OST -ORDER AND SHIP TINE
5Z75A SLO.K--NA((C) (SORT (3) (OSTK) )) , (DDR.K) (15))
520!NOTE SL.O -SAFETY LEVEL QUANTITY
5325NOTE C -CONSTANT
5359N0TE OSTO -ORDER AND SHIP TINE QUANTITY
5375NOTE DBA -DAILY DEOAN RATE
S4KIL BfAP.KaMAP,J+IDT) (BARJX-BSR.JKI)
54MN0TE AP -ASE MONEY AVAILABLE FOR PROCUREMENT
5451NOTE OT -DELTA TIHE
5475NOTP -AR -BASE APPROPRIATIN RATE
51,XNOTE BS0 -BASE SPWIRC RATE
55Z5R BAR.KL:%R.JK
555HNOTE MR -BAM APPROPRIATI&I RATE
$515NOTE MSR -BAWE SPENDINC RATW
561lR M.R,KLW (EPROC.JK) (UP) i
5625NOTE ISR -BASE SPENDINC RATE
5IsiOTE PROM -MAE PRUREET RATE
56T5UOTE UP -UIT PRICE5716N BIWVSIDKVI

*Z57lO~T 5INV -BASE INVENTORY
S57SNOTE IINVI -BASE INVENTORY (INITIAL)
5775C BINVIZ=•
58W)-3TE 1101 -BASE INYENTORI (INITIAL)
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5851NOTE VSO -VARIABLE STOCKACE OBJECTIVE
5875C C:I
5910NOTE C -CONSTANT
59259 SF024l
3950NOTE SF02 -BASE FRACTION ORWEED 2
5775M BFO5=l
6061NOTE SF05 -BASE FRACTION ORDERED 3
6625N BRAP:-BMAPI
465SNOTE SNAP -BASE MONEY AVAILABLE FOR PROCUREMENT
4U75NOTE BNAP! -BASE MONEY AVAILABLE FOR PROCUREMENT (INITIAL)
6191C BMAPI=680
6125NOTE BNAP! -BASE MONEY AVAILABL FOR PROCUREMENT (INITIAL)
6151C UP:.5
6I75NTE UP -UNIT PRICE
621NOTE
6225NOTE
625IMOTE BASE INVENTORY SECTOR
6275NOTE (DAILY DEMAND RATE ADMUTMENT SUBSECTOR)
43UINOTE
6325NOTE
6355L DCR.KaDCR.J+(DT) (DDRAR.JK)
6375N0TE MOR -DAILY DEMAND RATE
6376NOTE DT -DELTA TIME
6377N0TE DOWA -DAILY DEMAND RATE ADJUSTMENT RATE
6411R DDRAR.KL=DDRAF.X
6445NOTE UDOW -DAILY DEMAND RATE ADJUSTMENT RATE
6445MOTE DORAF -DAILY DEMAND RATE ADJUSTMENT FACTOR
6475A DDRAF.Kz(DDRD.K) (SF01 .X) ISFO?.XIARFI.K) II/DT)
65IGNOTE ODRAF -DAILY DEAND RATE ADJUSTMENT FACTOR
6SZSNOTE CORD -DAILY DEMAND RATE DISCREPANCY
655I1NTE BF01 -BASE FRACTION ORDERED I
6575N0TE 9F0? -BASE FRACTION ORERF.0 Z
"66wTE ARFI -ADJUTHENT RATE FACTOR I
&4Z5NOTE OT -DELTA TINE

COh DRD.K4MEUDDR.K-DR.K
4675N0TE ONOD -DAILY DEMAND RATE DISCREPANCY
67IONOTE NENDDR -NEU DAILY DEMAND RATE
4725 W)TE DOR -DAILY DEKAND RWE
6750 NDRKfJ.JDAS.
67INMTE 0008O -49l DAILY DEMAND RATE
6OUNOTE CRD -CUMULATIVE RECURRIND DEMAN
6825NOTE KIDAVS2 -NUMBER OiF DAIS 2
6959 REVP1245 DAIS
6815NOTE REVPI -REVIEV PERIOD (INITICAL)
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6911FOR I=ihREVPI
6923NOTE I -REVIEW PERIOD COUNTER
6959NOTE REVPI -REVEIW PERIOD (INITIAL)
6975A CRO.KzSUN(CR0I.K)
6976NOTE CRO -CUMULATIVE RECURRING DEMAND
79UNOTE CR01 -CUIIULATIVE RECURRING D9EAND I
71t5L CRDI.K(U):(PUSER.JK) (DT)+CRDl.J(I)
7iS6NOTE CR11 -CUNULATIVE RECURRING DEMAND I
7975NOTE PUSER -PARTS USE RATE
7LIJNOTE OT -DELTA TINE
7125A NDAYSZ.K-CLIP(NDAYSI.K. I iNDAYSI.1, I)
7I5INOTE NDAYSZ -NiUJ R OF DAYS 2
7175NOTE NBAYSI -NUNBER OF DAYS I
72MIA NDAYSI.KXCIPP(REVP.KITI.E.KTIL.KiREVP.K)
725NOTE NfAYSI -NUNMER OF DAYS I
723iNOTE REVP -REVIEV PERIOD
7175NOTE TINE -TINE
73MA ARFT.K-CLIP (li, (AVOtS.K-SQRT(EBIL.K)) iti)
7325NOTE ARFI -ADJUSTMENT RATE FACTOR I
7•iNUTE AVDISC -ABSOLUTE VALUE OF DISC
7375NOTE OIL -ESTABLISHED BASE INVENTORY LEVEL
7419A DISC.KzEOWL.K-EBIL.K
7425NOTE DISC -DISCREPANCY
7451NOTE EONDL -BASE EOQ DEMAND LEL
747TAN3TE OIL -ESTABLISHED ME INVENTORY LEVEL
7311A AVOISC.K:-AX (DISC.K' -DISC. K)
7525NOTE AVDISC -ABSOLUTE VALUE OF DISC7,56NOTE DISC -DISCREPANlCY

7575A EOOWL.KzEOQg.K+OSTQi .KOSLQ .K
71NOTE EOQL -BASE EO0 DEMAND LEVEL16&5NOTE EOGI -BASE ECONONIC ORDER QUANTITI I
76TNOTE OSTOI -ORWER AND SHIP TINE QUANTITY I7MUO1TE SLQ1 -SAFETY LEVEL QUANTITY I

7768A EOQI.K2( (4,3) (SORT ((N 0R.K) (VSO) 0) ))) (UP)
77Z1NOTE EORI -BASE ECONONIC OiDER QUANTITY I
775WNOTE ODOlR -NEUl DAILY DENAND RATE
1775NTE VF3 -VARIABLE STO&CACE OWJECTIVE
76NOTE UP -UNIT PRICE
78ZMA OSTQI.K:(NEUDDR.I) (OST)
IOSSNOTE OT301 -ORDER AND SHIP TINE QUANTITY I
7870TE ENE1DBR -NEW DAILY DENAND RATE
79INTE CST -ORDER AND SHIP TINE
79ZA SLOI.K:MII((C) (SQRT((3) (TOi.K 3tll4IEWMOR.K)I(1))
7"tNOTE OLGi -SAFETY LEVEL QUANTITY I
7975NOTE C -CONSTANT
8iINOTE OSt01 -ORDER AND SHIP TINE QUANTITY I
USIW5NTE NEW -Kil DAILY DERN RATE
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0h155 EBIL.K=EBIL.J+tDT) (EBILAR.JK)
8115NOTE EBIL -ESTABLISHED BASE INVENTORY LEVEL
81NIiOTE OT -DELTA TIME

I8ZSNOTE EBILAR -EBIL ADJUSTMENT RATE
8SIR EILAR,,KL"(11T) (ARF.K)
WWI7N E EBILAR -OBIL ADJUSTMENT RATE
OZ8NOTE BT -DELTA TIRE
8225NOTE ARF -ADUSTHENT RATE FACTOR
"8825A ARF.,: (ARF4.K-EBILK) (ATF.K)
8275NOTE ARF -ADJUSTENT RATE FACTOR
83lHNOTE ARF4 , -ADJUSTMENT RATE FACTOR 4
8325NOTE ERIL -ESTABLISHED BASE INVENTORY LEVEL
S3SINOTE ATF -ADJUSTMENT TIMING FACTOR
8375A ATF.K: (8FOI.K) (FOl.K)
84UIIOTE ATE -ADJUSTHENT TIRING FACTOR
8425MOTE SF01 -BASE FRACTION ORDERED I
0451NOTE BF02 -BASE FRACTION ORDERED ?
"8475A ARF4.K:SVITCH((ARFZ.K4EBIL.K),t
8599! (NAI(ARF2.K+EBIL.KtABISSL.K)) |ABLSSL.K)
8525N0TE ARF4 -ADJUSTHENT RATE FACTOR 4
855iNOTE ARFZ -ADJUSTHENT RATE FACTOR Z
8S75NOTE EBIL -ESTABLISHED BASE INVENTORY LEVEL
84SiNOTE ABISSL -ADJUSTED BASE ISSL
8625A 4MSSL.K (BAI) IDISSL.K) (ABTF.K)
. .8INOTE A0ISSL. -ADJUSTED BASE IS5
r.O67STE BAB -BASE ADJUSTHENT TO THE BASE ISSL
967&IOTE BISSL -BASE ISSL
871INOTE AITF -ADJUSTED BASE IS.,5 TIMING FACTOR
8725A ABTF,KaSTEP(I #ABTFST)+STEP (I- 1, [OCD731)
875INOTE ABTF -ADJUSTED BASE ISSL TIRING FACTOR
8775NOtE ASTFST -ADIT STEP TIME
.881hiOTE I00 -INITIAL OPERATION CAPABLE DATE
BSZSA ARFZ,IKa(:IN(AVYDISCKAICHK.K)) (ARFI.K) (ARFS.K)

I85iNOTE ARE? -ADMJUYNENT RATE FACTOR 2
875NOTE AVDISC -ABSOLUTE VALUE OF DISC

89UNOTE RAIXCC -Ail CACE
8925N0TE WRFI -A TSTNEN RATE FACTOR I
B95INOE ARES -ADJUSTMIENT RWE FACTOR 5
8975A ARF5.KzCLIPII,-I,DISC.VJig
91UNOTE ARFS -ADUlSTMENT RATE FACTOR 5
B9IIS TE DISC -DISCREPANCY
9lSM KAICHC.K=SQRT(EBIL.K)

: ~~9175NOTEM!lCHiC
9IINTE ElIL -ESrILIE USE IVTORY LEVEL
f951129 IO
90i 0le 001 -DIYOElt RATiE

9175NOTE Dlti -DAILY DEMAND RATE (INITIAL)
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9299C DDRI:3

9?ZSNOTE DORI -DAILY DEMAND RATE (INITIAL)
925A REVP.K-REVPI
9273NOTE REVP -REVIEV PERIOD
9321NOTE REYPI -REVIEN PERIOD (INITIAL)
9325K CRD1 (I) :
93•INOTE CR01 -CUMULATIVE RECURRING DEMAND t
9375A OUT.K;SHIFTL(CRD L.K INTVL)
9416NOTE OUT -DISCRETE OUTPUT OF CRO1 ARRAY
9425NOTE CRD1 -CUMULATIVE RECURRING DEMAND I
945BN0TE INTVL -CRD1 ARRAY SHIFT INTERVAL
9475C ABTFST3s
9511NOTE ADTFST -ABTF STEP TINE
95m5 BABal
955N•9TE BMR -BASE ADWIJSTRENT TO TIlE BASE ISSL
9575C INT"YLI
96USNOTE INTVL -INTERVAL
9625" EBIL:EBILI
961iNOTE EBIL -ESTABLISHED BASE INVENTORY LEVEL
9675NOTE EBILI -ESTABLISHED BASE INVENTORY LEVEL (INITIAL)
9711C EBILI-Z-H
9725"OTE BILI -ESTABLISHED BASE INVENTORY LEVEL (INITIAL)
97SNOTE
9775NOTE
""9iHOTE DEPOT INVENTORY SECTOR

WASNTE
9851NOTE
"98751. DIW.K:DINV.Ji(DT) (DPROCR.JK-BPROCR.J()
"I9NOTE DIW -DEPOT INVENTORT
99Z5NOTE DPROCR -DEPOT PROCUREMENT RATE
"99SNOTE DPROCR -BASE PROCUREMENT RATE"75TR OPP=.KLalDEO4,K)(OFOK)

i•OTE ROCRO -DEPOT PROCUREMENT RATE

Il*i25NOTE DEWO -DEPOT ECONOMIC ORDER QUANTITY

tSl9NOTE UFO -DEPOT FRACTION ORDERED
1075A GE6•.K:5) (EOQN)
llIINOTE DENO -DEPOT ECONOMIC ORDER QUANTITY
tOIZ5NOTE EOS -BASE ECONOSIC ORDER QUANTITY

,,, I10156A DIJFO.K9•O!.K (DOZ.Ki (O.F04.K)

0I17NOTE OFO -DEPOT FRACTION ORDERED
lZlUOTE DOF1 -DEPOT FRACTION ORGERED I
ISZZSNOTE DF02 -DEPOT FRACTION ORDERED 2
S1I)TE OFO4 -DEPOT FRACTION ORDE0E 4
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IBZ75A DFOI.K-CLIP(it (!OT) wDINVJ.(,RP.K)
13GINOTE OFOl -DEPOT FRACTION ORDERED I
1325NOTE BT -DELTA TINE
15351NOTE DINV -DEPOT IFVENTORY
16373NOTE ORP -DEPOT REORDER POINT
1140uli DFOZ.K:CLIP(9tIDFOI.J,9.5)
II4Z5NOTE DFOZ -DEPOT FRACTION ORDERED 2
IU451NOTE DFOI -DEPOT FRACTION ORDERED I
10475A DRPK=(5)(RP.K)
I5HNOTE DRP -DEPOT REORDER POINT
I1ZSNOTE RP -BASE REORDER POINT
IL551A 0F04.KzCLIP(!i (OHAP.KICDEOQ.K)? (DNAP.K-CDEOQ.K) 9i)
Ii575NOTE DF04 -DEPOT FRACTION ORDERED 4
I91B9NOTE CHAP -DEPOT RONEY AVAILABLE FOR PROCUREMENT
IE6Z5NOTE CDEOQ -COST OF DEPOT ECONOMIC ORDER QUANTITY
I#•IA CDEOO.Kx(DEOQ.K)(UP).
IR75NOTE CDEOQ -COST OF DEPOT ECONONIC ORDER QUANTITY
I9TIONOTE DEOG -DEPOT ECONOMIC ORDER QUANTITY
17T5NOTE UP -UNIT PRICE
11751L DNAP.K2HAP.J+(D') (DAR.JK-DSR.JK)
11775N0TE AP -DPOT NONEY AVAILABLE FOR PROCUREMENT
IIAI1NOTE BT -DELTA TIRE
I1825NOTE OAR -DEPOT APPROPRIATION RATE
I185INOTE DSR -DEPOT SPENDING RATE

1#875R DAR.ILzD5•,JI(
.,9lINOTE OAR -DEPOT APPROPRIATION RATE
119Z5NOTE OCR -DEPOT SPENDING RATE
1195IR DSR.IL"(BPROC.JK) (UP)
.I?75NOTE OCR -DEPOT SPENDING RATE
I I9IINOTE DPROCR -DEPOT PROCUREMENT RATE
119251NOTE UP -UNIT PRICE
IIIIN DINV(SH)B(INVI)
I !i75NOTE DINV -DEPOT INVENTORY
IIhIINOTE DINVI -ASE INVENTORY (INITIAL)
11125N OFOZ2!
IIlSiNOTE DFOZ -.EPOT FRACTION ORDERED 2
II75N D1AP, i(5)(BAPI)
I11I2NOTE OHAP -DEPOT NONEY AVAILABLE FOR PROCUREMENT
IIZt= TE BHAPI -BASE HONEY AVAIUBLE FOR PROCUREMENT (INITIAL)
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II25ONOTE
i IZ75NOTE

11306NOTE CONSUMPTION SECTOR
I13tSNOTE
11351NOTE

11375L REI.K-REl,J+(BT) (EIRR.JK-EIFR.JK)
Ii4B9NQTE REI -READY END ITEMS
11425NOTE DT -DELTA TIME
1145BNOTE. EIRR -END ITEM REPAIR RATE
11I475NOTE EIFR -END ITEM FAILURE RATE
11S3IR EIRR.KL=(PUSERZJK/QPEI)
II5ZSNOTE EIRR -END ITEM REPAIR RATE
I1551NOTE PUSER -PARTS USE RATE
11575NiOTE QPEI -QUANTITY OF PARTS PER END ITEN
11611R EIFR.KLaNOF.K
SII&Z5NOTE EIFR -END ITEM FAILURE RATE
SII6SNOTE NOF -NUMBER OF FAILURES

'I 1675R PtJER.L=(NREI.K) (QPEI) (PUSERF.K)+OPUR

II7HNOTE PUSER -PARTS USE RATE
II7t5NOTE NREI -NOT READY END ITEMS
II756NOTE GPEI -QUANTITY OF PARTS PER END ITEM
I117715OTE PISERF -PARTS USE RATE FACTOR
I 181NOTE OPUR -OTHER PARTS USE RATE
11825A NREI.K=NEIB-REI.K
1I1051NOTE NREI -NOT READY END ITEMS
1IST5NOTE NElD -NUMBER OF END ITEMS ON BASE
-"Il NOTE REI -READY END ITEMS
11925A PLSERF.K:(MINIPURF!,KPURF3.K)) (PURFZ.K)
IIi51NOTE PUSERF -PARTS USE RATE FRACTION
II975NOTE PURFI -PARTS USE RATE FRACTION I
I21IUNOTE PURF3 -PARTS USE RATE ,RACTION 3
1.I25NOTE P ORFZ -PARTS USE RATE FRACTION 2
IZISIA PURFtI,K:CLIP (, (BINVR/(NREI.K) (PEI)) I (BIK.K-
1Zl75 (NREI.KX(PEIl)t6)
IZIiINOTE PURFI -PARTS USE RATE FRACTION I
IZIZ5NOTE BINV -BASE INVENTORY

2195NOTE NREI -NOT READY END ITEMS
IZI75NOTE QPEI -QUANTITl OF PARTS PER END ITEM
IZZIIA PURFZ.K:TABNLIPURFZTREID.Ki-hiIl)
IZZ5NOTE PURFZ -PARTS USE RATE FRACTION Z
1251NOTE PURFZT -PARTS USE RATE FRACTION 2 TADLE
1275"NOTE REID -READY END ITEM DISCREPANCY
123JA PURF3.K:CLIP(I, (KRCIEREI .K), (MRC-NREI .K),B)

""t12.32S$OTE PURF3 -PARTS USE RATE FRACTION 3
IZ3SI9OTE •RC -MAINTENANCE REPAIR CAPABILITY
123715TE KREI -NOT READT END ITE
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IZ4HA REIDK=RNREI.K-REI.K
tZ4Z5NOTE REID -READY END ITEM DISCREPANCT
12459NDTE RNREI -REQUIRED NUMBER OF READY END ITEMS
IZ473NOTE REI -READY END ITEMS
12510A RNREI.K"(ORRK) (NEIB)
IZ5Z5NOTE RNREI -REQUIRED NUMBER OF READY END ITEMS
12539NOTE DRR -DESIRED READY RATE
12575NOTE NEIR -NUMBER OF END ITEMS ON BASE
126##A DRR.K=CD+WC
I2605NOTE DRR -DESIRED READY RATE
IZ6#INOTE Co -COMMAND DIRECTIVES
12675NOTE VCD -VING COMMANDER'S DESIRES
1Z1A NOF.K: (REI.K)(EIFP) (NOISEI.K) (NOPTF.K)
1t7Z5NOTE NOF -NUMBER OF FAILURES
IZ751NOTE REI -READY END ITEMS
1tT775OTE EIFP -END ITEM FAILURE PARAMETER
IZ8ENOTE NOISEI -NOISE I
12925NOTE NOFTF --NUMBER OF FAILURES TIMING FACTOR
12051A NOF1F.K2STEPCItIOCD)
12975OTE NOMrF -NUMBER OF FAILURES TIMING FACTOR
I29tifOTE TOC, -INITIAL OPERATION CAPABLE DATE
129-5A NOISEI.K:NDORIRXl,.14e)
129SUNOTE NOISEI -NOISE I
12975N REI:REII
i31iINOTE REI -READY END ITEM
l3OZ5NDTE REII -READY END ITEMS (INITIAL)
1313C REIIM98
13V1T)NTE REII -READY END ITEMS (INITIAL)
131WC OPE1:2
"131ZNOTE OPEl -QUANTITY OF PARTS PER END ITEM
13151C OPURsI
13175NOTE OPIUR -OTHER PARTS USE PATE
1329iT PIJRFZTz.3/.31.35/.4I.5I.641 81.9/.9811.I!I,
13?ZNOTE P4JRFZT -PARTS USE RATE FRACTION 2 TABLE

32m5C lOCcl
13275NOTE IOCO -INITIAL OPERATION CAPABLE DATE
13311C EIFP.-.I167 PER DAY
133?15OTE EIFP -END ITEM FAILURE PARAMETER
13375TE KRC -MAINTENANCE RAPAIR CAPAMILITI
1331Nc coa.8 C

5NTE CO -COMMAND DIRECTIVES

1345K WCD',5
I3475MOTE W.0 -VIkG COMANDER'S DESIRES
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13S90NOTE
I35ZNOTE
I3559NOTE COMTROL CARD
IM-575NTE
1361WNTE
136MPtT DIN iItDPROCR:P/DRP4/IDE(A:E/DFOst'I FOL-ZZIDFO4:41DPFs* '

I3655PtT 3INV/IlPR9CR=P/RP--RJEDQ:-EI8PO1:Ii/FQ7:Z)9FO333/IFQ4;-41

137IIPLOT DBR:D/CRD=C/NEVDRzNISI1DRSINDAISZ=Z
13725PLOT EJIL--IAFI-F1:1IAflFt:JARF4:4/AMF55/ARF:AJEflgL4/ '1

1375#1 DISC:1IIMAXCHG4 I
13M7PL.OT BISSLzD/USSL=VIUIARFI:1 IUIARF"ZaZ/gIAR:AI
13MIl IVIS:I=,/SND-tS/ITF1:-I/UTFZ:Y/UTF3:Z
13USPIOT KSERnPIEIRR:R/EIFR2FIRE1:*INREI:MIPIJRFI-- I
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